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An  apparatus  is  disclosed  for  continuously  forming  and 
laser  welding  metal  can  bodies  and  the  like.  The  apparatus 
comprises  a  former  for  successively  forming  flat  sheets  of 
metal  into  generally  tubular  shaped  sheets  of  metal  having 
longitudinally  extending  edges  to  be  welded,  an  indexer  for 
successively  advancing  the  generally  tubular  shaped  sheets  of 
metal  from  the  former  to  a  first  position  in  a  direction  toward 
a  laser  welding  device  such  that  the  generally  tubular  shaped 
sheets  of  metal  are  moving  at  a  predetermined  speed  at the first 
position,  an  additional  advancing  device  including  a  pair  of 
endless  metal  belts  extending  between  the  first  position  and  a 
second  position,  the  belts  having  a  plurality  of fingers  mounted 
thereon  in  spaced  relationship  for  engaging  the  trailing  ends  of 
successive  generally  tubular  shaped  sheets  of  metal  to  ad- 
vance  the  sheets  from  the  first  position  to  the  second  position 
at  a  substantially  constant  speed,  and  a  laser  welding  device 
arranged  for  welding  the  longitudinally  extending  edges  of  the 
generally  tubular  shaped  sheets  of  metal  as  they  are  advanced 
between  the  first  and  second  positions. 



R e f e r e n c e   is   made  to  a p p l i c a n t ' s   p r i o r  

c o p e n d i n g   U .S .   a p p l i c a t i o n   S e r i a l   No.  2 3 3 , 2 5 1   f i l e d  

F e b r u a r y   10,  1981  e n t i t l e d   Z -Bar   G u i d e   A p p a r a t u s   a n d  

Method   of  B u t t   W e l d i n g   w h i c h   is   a  c o n t i n u a t i o n - i n - p a r t  

a p p l i c a t i o n   of  a p p l i c a n t ' s   e a r l i e r   U .S .   a p p l i c a t i o n  

S e r i a l   No.  8 8 , 1 9 7 ,   now  U .S .   P a t e n t   No.  4 , 2 7 2 , 0 0 4   i s s u e d  

J u n e   9,  1981  e n t i t l e d   Z -Ba r   G u i d e   A p p a r a t u s .   T h e  

d i s c l o s u r e s   of  t h i s   p a t e n t   and  c o p e n d i n g   a p p l i c a t i o n  

a r e   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  a p p a r a t u s  

f o r   c o n t i n u o u s l y   a d v a n c i n g   and  w e l d i n g   m e t a l   can   b o d i e s  

and  t he   l i k e   a n d ,   more   p a r t i c u l a r l y ,   to  an  a p p a r a t u s  

f o r   c o n t i n u o u s l y   f o r m i n g   and  l a s e r   w e l d i n g   m e t a l   c a n  

b o d i e s .  

The  a p p l i c a b i l i t y   of  l a s e r   w e l d i n g   f o r  

f a b r i c a t i n g   can  b o d i e s   is   known.   For  e x a m p l e ,   in  U . S .  

P a t e n t   No.  4 , 1 5 2 , 5 7 3   to  S a u r i n ,   e t   a l . ,   a  m e t h o d   a n d  

a p p a r a t u s   f o r   l a s e r   w e l d i n g   m e t a l   can  b o d i e s   a r e  

d i s c l o s e d .   The  a r t i c l e   "The  L a s e r   W e l d i n g   Of  S t e e l s  

Used  In  Can  M a k i n g "   by  J .   Mazumder   and  W.  M.  S t e e n ,  

w e l d i n g   J o u r n a l ,   J u n e ,   1981 ,   p a g e s   1 9 - 2 5 ,   a l s o  

d i s c u s s e s   t he   a d v a n t a g e s   of  l a s e r   w e l d i n g   i n  c a n  

m a k i n g .   H o w e v e r ,   t h e   a p p a r a t u s   d i s c l o s e d   in  t h e s e  

r e f e r e n c e s   f o r   a d v a n c i n g   and  w e l d i n g   m e t a l   can  b o d i e s  

a r e   n o t   s u i t a b l e   f o r   t he   t y p e   of  c o n t i n u o u s ,   h i g h - s p e e d  



o p e r a t i o n   n e c e s s a r y   fo r   p r o d u c t i o n   in  mos t   c o m m e r c i a l  

a p p l i c a t i o n s .   In  p a r t i c u l a r ,   in  e a c h   of  t h e s e  

r e f e r e n c e s   the   can  body  or  m e t a l   b e i n g   w e l d e d   - i s  

f i x e d l y   c l a m p e d   on  b o t h   s i d e s   of  t he   we ld   j o i n t   a r e a   b y  

c l a m p i n g   b a r s   of  a  v i s e   or  f i x t u r e .   D u r i n g   w e l d i n g   t h e  

v i s e   or  f i x t u r e   and  t he   can  body   or  m e t a l   s h e e t   c l a m p e d  

t h e r e i n   a r e   a d v a n c e d   r e l a t i v e   to  a  l a s e r   w e l d i n g   d e v i c e  

to  a c c o m p l i s h   t he   w e l d i n g .   T h u s ,   w i t h   t h e s e   k n o w n  

a p p a r a t u s   an  i n d i v i d u a l   m e t a l   s h e e t   to  be  w e l d e d   m u s t  

be  f i r s t   c l a m p e d ,   t h e n   w e l d e d ,   and  t h e r e a f t e r   u n c l a m p e d  

f rom  t he   v i s e   o r . f i x t u r e   b e f o r e   a  s e c o n d   m e t a l   s h e e t  

can  be  p r o c e s s e d .   Such  an  a p p a r a t u s   i s   n o t   s u i t a b l e   f o r  

c o m m e r c i a l   a p p l i c a t i o n s   w h e r e   c o n t i n u o u s ,   h i g h   r a t e s   o f  

p r o d u c t i o n ,   s u c h   as  4 0 0 - 6 0 0   c a n s   p e r   m i n u t e , a r e  

n e c e s s a r y   or  d e s i r a b l e .  

The  Z - b a r   g u i d e   a p p a r a t u s   d i s c l o s e d   i n  

a p p l i c a n t ' s   a f o r e m e n t i o n e d   U.S .   P a t e n t   N o .  4 , 2 7 2 , 0 0 4  

and  c o p e n d i n g   U .S .   a p p l i c a t i o n   S e r i a l   No.  2 3 3 , 2 5 1   m a k e  

i t   p o s s i b l e   to  p o s i t i o n   and  g u i d e   t he   o p p o s e d   e d g e s   o f  

g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   so  t h a t   t h e  

s h e e t s   of  m e t a l   may  be  c o n t i n u o u s l y   a d v a n c e d   and  l a p   o r  

b u t t   w e l d e d   to  p r o d u c e   m e t a l   can  b o d i e s .   To  a c c o m p l i s h  

t h i s   a  means   f o r   a d v a n c i n g   the   s h e e t   m a t e r i a l   a l o n g   t h e  

can   f o r m i n g   m a c h i n e   t h r o u g h   t he   Z - b a r   and  p a s t   t h e  

w e l d i n g   s t a t i o n ,   mus t   be  p r o v i d e d .   As  i n d i c a t e d   in  t h e  

a f o r e s a i d   p a t e n t   and  c o p e n d i n g   a p p l i c a t i o n ,   d e p e n d i n g  

upon  the   t y p e   of  c o n v e n t i o n a l   w e l d e r   i n v o l v e d ,  



c o n v e n t i o n a l   c h a i n   t y p e   c o n v e y o r s ,   d r i v e   r o l l e r s ,  

r e c i p r o c a t i n g   p i s t o n s   or  push   r o d s   or  t he   l i k e   may  b e  

u s e d   to  a d v a n c e   t he   s h e e t   m a t e r i a l .   H o w e v e r ,  i t   h a s  

b e e n   f o u n d   t h a t   t h e s e   c o n v e n t i o n a l   a d v a n c i n g   m e c h a n i s m s  

may  be  p r o b l e m a t i c a l   or  n o t   a p p l i c a b l e ,   e s p e c i a l l y   i n  

t h e   c a s e   of  c o n t i n u o u s   h i g h - s p e e d   l a s e r ,   e l e c t r o n   b e a m  

or  o t h e r   n o n c o n t a c t   w e l d i n g   of  t he   m e t a l   can  b o d i e s .  

For  e x a m p l e ,   w i t h   t h e   use   of  c o n v e n t i o n a l   c h a i n   t y p e  

c o n v e y o r s   h a v i n g   c h a i n s   w i t h   f i n g e r s   or  d o g s   f o r  

e n g a g i n g   t he   m e t a l   s h e e t s ,   t h e r e   may  be  p r o b l e m s   i n  

a c c u r a t e l y   a l i g n i n g   t h e   o p p o s e d   e d g e s   of  a  m e t a l   s h e e t  

in  t h e   l o n g i t u d i n a l   d i r e c t i o n ,   p a r t i c u l a r l y   a t   t he   h i g h  

s p e e d s   p o s s i b l e   when  l a s e r   w e l d i n g   due  to  c h a i n  

v i b r a t i o n   and  s t r e t c h i n g   of  t he   c h a i n   b e c a u s e   of  t h e  

n u m e r o u s   j o i n t s   and  t o l e r a n c e s   a s s o c i a t e d   w i t h   s u c h  

j o i n t s .   A  s l i g h t   m i s a l i g n m e n t   of  t he   w e l d e d   e d g e s   c a n  

r e s u l t   in  d i f f i c u l t y   in  j o i n i n g   the   e n d s   of  t h e   can  t o  

t h e   t u b u l a r   m e t a l   b o d y   a n d / o r   p o s s i b l e   l e a k a g e   of  t h e  

can  in  t h i s   a r e a   once   t he   e n d s   have   b e e n   j o i n e d   to   t h e  

can   b o d y .  

The  c o n v e n t i o n a l   a p p a r a t u s   f o r   a d v a n c i n g   a n d  

w e l d i n g   m e t a l   can   b o d i e s   may  a l s o   be  p r o b l e m a t i c a l  

w h e r e   t h e y   r e q u i r e   f r e q u e n t   s t a r t i n g   and  s t o p p i n g   o f  

t h e   can  b o d i e s   as  t h e y   a r e   a d v a n c e d   a l o n g   t he   m a c h i n e  

to  p e r m i t   v a r i o u s   o p e r a t i o n s   such   a s ,   c r i m p i n g   o f  

j o i n t s   to  be  s o l d e r e d .   Where   t h e   m e t a l   can  b o d i e s   a r e  

to  be  e l e c t r i c a l   r e s i s t a n c e   w e l d e d ,   t h e   c o n v e n t i o n a l  



a p p a r a t u s   may  p r o v i d e   a  h i g h   s p e e d   a c c e l e r a t i o n   of  t h e  

can  b o d i e s   n e a r   t he   w e l d i n g   r o l l e r s   to  c l o s e   t h e   g a p s  

b e t w e e n   s u c c e s s i v e   can  b o d i e s   as  t h e y   e n t e r   t he   n i p   o f  

t h e   r e s i s t a n c e   w e l d i n g   r o l l e r s   t h e r e b y   p r e v e n t i n g   t h e  

r o l l e r s   f rom  c o n t a c t i n g   e a c h   o t h e r .   T h e s e   a b r u p t  

c h a n g e s   in  m o t i o n ,   e . g .   s t a r t i n g   and  s t o p p i n g   o r  

f l u c t u a t i n g   the   s p e e d   of  t he   a d v a n c i n g   can  b o d i e s  

i m m e d i a t e l y   b e f o r e   w e l d i n g   may  be  p r o b l e m a t i c a l   in  t h a t  

t h e y   r e q u i r e   a d d i t i o n a l   t i m e   f o r   p r o c e s s i n g   of  t he   c a n  

b o d i e s   a n d / o r   can  l e a d   to  j a m m i n g   of  t he   a p p a r a t u s   a n d  

t h e   c o n s e q u e n t   t i m e   and  e x p e n s e   a s s o c i a t e d   w i t h  

a l l e v i a t i n g   s u c h   a  c o n d i t i o n .  

An  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   an  a p p a r a t u s   f o r   c o n t i n u o u s l y   a d v a n c i n g   a n d  

w e l d i n g   m e t a l   can  b o d i e s   and  the   l i k e   w h i c h   a v o i d s   t h e  

a f o r e m e n t i o n e d   d i s a d v a n t a g e s   of  t he   c o n v e n t i o n a l  

a p p a r a t u s .   More  p a r t i c u l a r l y ,   an  o b j e c t   of  t he   p r e s e n t  

i n v e n t i o n   i s   to  p r o v i d e   an  a p p a r a t u s   f o r   c o n t i n u o u s l y  

f o r m i n g   and  l a s e r   w e l d i n g   m e t a l   can  b o d i e s   w h i c h   i s  

s u i t a b l e   f o r   h i g h - s p e e d   p r o d u c t i o n ,   w h i c h   a d v a n c e s  

s u c c e s s i v e   g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   s o  

as  to  a c c u r a t e l y   a l i g n   t h e   o p p o s e d   e d g e s   in  t h e  

l o n g i t u d i n a l   d i r e c t i o n ,   and  w h i c h   d o e s   so  in  a  

r e l a t i v e l y  s m o o t h   and  e f f i c i e n t   m a n n e r   to  m i n i m i z e  

j a m m i n g   p r o b l e m s   and  a l l o w   c o n t i n u o u s   w e l d i n g   w i t h  

c o n s t a n t   s p e e d   and  c o n s t a n t   power   r e q u i r e m e n t s .  

T h e s e   and  o t h e r   o b j e c t s   of  t he   i n v e n t i o n   a r e  



a t t a i n e d   by  p r o v i d i n g   an  a p p a r a t u s   f o r   c o n t i n u o u s l y  

f o r m i n g   and  l a s e r   w e l d i n g   m e t a l   can  b o d i e s   c o m p r i s i n g  

f o r m i n g   means   f o r   s u c c e s s i v e l y   f o r m i n g   f l a t   s h e e t s   o f  

m e t a l   i n t o   g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l  

h a v i n g   l o n g i t u d i n a l l y   e x t e n d i n g   e d g e s   to  be  w e l d e d ,  

a d v a n c i n g   means   f o r   s u c c e s s i v e l y   a d v a n c i n g   t h e  

g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   f rom  t h e  

f o r m i n g   means   to  a  f i r s t   p o s i t i o n   in  a  d i r e c t i o n   t o w a r d  

a  l a s e r   w e l d i n g   means   s u c h   t h a t   t he   g e n e r a l l y   t u b u l a r  

s h a p e d   s h e e t s   of  m e t a l   a r e   m o v i n g   a t   a  p r e d e t e r m i n e d  

s p e e d   a t   t he   f i r s t   p o s i t i o n ,   a d d i t i o n a l   a d v a n c i n g   m e a n s  

f o r   c o n t i n u o u s l y   a d v a n c i n g   t h e   s u c c e s s i v e   m o v i n g  

g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   f rom  t h e   f i r s t  

p o s i t i o n   to  a  s e c o n d   p o s i t i o n   a t   a  s u b s t a n t i a l l y  

c o n s t a n t   s p e e d ,   and  l a s e r   w e l d i n g   means   a r r a n g e d   f o r  

w e l d i n g   t h e   l o n g i t u d i n a l l y   e x t e n d i n g   e d g e s   of  t h e  

g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   as  t h e y   a r e  

a d v a n c e d   by  t he   a d d i t i o n a l   a d v a n c i n g   m e a n s .  

A c c o r d i n g   to  a  d i s c l o s e d ,   p r e f e r r e d  

e m b o d i m e n t   of  t h e   a p p a r a t u s   of  t he   i n v e n t i o n ,   t h e  

a d d i t i o n a l   a d v a n c i n g   means   i n c l u d e s   a  p a i r   of  e n d l e s s  

m e t a l   b e l t s   e x t e n d i n g   b e t w e e n   t he   f i r s t   and  s e c o n d  

p o s i t i o n s ,   e a c h   of  t he   b e l t s   h a v i n g   a  p l u r a l i t y   o f  

f i n g e r s   m o u n t e d   t h e r e o n   in  s p a c e d   r e l a t i o n s h i p   f o r  

e n g a g i n g   the   t r a i l i n g   e n d s   of  s u c c e s s i v e   g e n e r a l l y  

t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   to  a d v a n c e   t h e   s h e e t s .  

Means  a r e   p r o v i d e d   fo r   a r r a n g i n g   t he   p a i r   o f  



m e t a l   b e l t s   in  s p a c e d   r e l a t i o n s h i p   on  o p p o s i t e   s i d e s   o f  

t he   l o n g i t u d i n a l l y   e x t e n d i n g   e d g e s   to  be  w e l d e d .   T h i s  

means   f o r   a r r a n g i n g   t he   m e t a l   b e l t s   i n c l u d e s   g u i d e   r o l l  

means   and  d r i v e   s p r o c k e t   means   f o r   s u p p o r t i n g   a n d  

d r i v i n g   t h e   r e s p e c t i v e   b e l t s   in  s p a c e d   r e l a t i o n s h i p ,  

t he   d r i v e   s p r o c k e t   means   b e i n g   p r o v i d e d   w i t h   a  

p l u r a l i t y   of  t e e t h   on  t h e i r   o u t e r   s u r f a c e s   f o r  

d r i v i n g l y   e n g a g i n g   in  a  s e r i e s   of  h o l e s   f o r m e d   in  t h e  

r e s p e c t i v e   b e l t s .   A c c o r d i n g   to  one  f o rm  of  t h e  

i n v e n t i o n   t he   h o l e s   f o r m e d   in  t he   b e l t s   a r e  

r e c t a n g u l a r   in  s h a p e   and  the   d r i v i n g   f a c e s   of  t h e   t e e t h  

on  t h e   d r i v i n g   s p r o c k e t   means   a re   f l a t   f o r   e n g a g i n g   a  

s i d e   of  t he   r e c t a n g u l a r   h o l e s   to  d r i v e   t he   b e l t s .   T h e  

a p p a r a t u s   a l s o   i n c l u d e s   means   f o r   r e s i l i e n t l y   b i a s i n g  

a t   l e a s t   one  g u i d e   r o l l   means   s u p p o r t i n g   e a c h   b e l t   t o  

t e n s i o n   t he   b e l t s .  

The  g u i d e   r o l l   means   and  d r i v e   s p r o c k e t   m e a n s  

s u p p o r t   t he   m e t a l   b e l t s   in  s p a c e d   r e l a t i o n s h i p   so  t h a t  

t h e y   move  b e t w e e n   t he   f i r s t   and  s e c o n d   p o s i t i o n s   i n  

p a t h s   p a r a l l e l   to  t he   p a t h s   of  t he   r e s p e c t i v e   p o r t i o n s  

of  t he   s u c c e s s i v e   s h e e t s   of  m e t a l   w h i c h   a r e   e n g a g e d   b y  

t h e   f i n g e r s   on  t he   b e l t s .   T h i s   r e d u c e s   t he   wear   on  t h e  

f i n g e r s   and  damage   to  t h e   s h e e t   e n d s   w h i c h   w o u l d  

o t h e r w i s e   be  c a u s e d   by  the   t r a n s v e r s e   s l i d i n g   of  t h e  

f i n g e r s   w i t h   r e s p e c t   to  the   t r a i l i n g   e n d s   of  t h e   m e t a l  

s h e e t s .  

G u i d e   bar   means   a r e   p r o v i d e d   u n d e r   e a c h   m e t a l  



b e l t   b e t w e e n   t he   g u i d e   r o l l   means   and  t he   d r i v i n g  

s p r o c k e t   means   to  p r e v e n t   v i b r a t i o n s   and  v e r t i c a l  

m o v e m e n t   of  t he   b e l t s   d u r i n g   o p e r a t i o n   of  t h e  

a p p a r a t u s .   The  g u i d e   bar   means   b e t w e e n   t h e   d r i v e  

s p r o c k e t   means   and  the   a d j a c e n t   g u i d e   r o l l   m e a n s  o n   t h e  

d o w n s t r e a m   s i d e   of  t h e   d r i v e   s p r o c k e t   means   i n c l u d e s  

s t r i p p e r   means   a d j a c e n t   t he   d r i v e   s p r o c k e t   means   f o r  

s t r i p p i n g   t he   m e t a l   b e l t s   o f f   t h e   d r i v e   s p r o c k e t   m e a n s .  

A c c o r d i n g   to  a  p r e f e r r e d   f o rm  of  t h e   i n v e n t i o n   t h e  

s t r i p p e r   means   a r e   k n i f e   e d g e s   f o r m e d   of  a  w e a r  

r e s i s t a n t   m a t e r i a l .  

The  m e t a l   b e l t s   a r e   p r e f e r a b l y   f o r m e d   o f  

s t a i n l e s s   s t e e l   and  have   a  t h i c k n e s s   of  f rom  0 . 0 0 5   t o  

0 . 0 2 0   i n c h .   The  f i n g e r s   a r e   c o n n e c t e d   to  r e s p e c t i v e  

b a s e   p l a t e s   and  c o n n e c t i n g   means   a r e   p r o v i d e d   f o r  

c o n n e c t i n g   the   r e s p e c t i v e   b a s e   p l a t e s   to  t h e   m e t a l  

b e l t s .   The  c o n n e c t i n g   means   c o n n e c t   e a c h   of  t he   b a s e  

p l a t e s   to  t he   b e l t s   a l o n g   a  s i n g l e   l i n e   a l o n g   t h e  

l e n g t h   of  t he   b a s e   p l a t e s   w h i c h   e x t e n d s   in  a  d i r e c t i o n  

p e r p e n d i c u l a r   to  t he   d i r e c t i o n   of  m o v e m e n t   of  t h e  

b e l t s .   T h i s   p e r m i t s   t h e   b a s e   p l a t e s   w i t h   f i n g e r s   t o  

move  a b o u t   t he   c u r v e d   s u r f a c e s   of  t he   g u i d e   r o l l   m e a n s  

and  d r i v e   s p r o c k e t   means   w i t h o u t   u n d u l y   s t r e s s i n g   t h e  

b e l t s .   The  c o n n e c t i n g   means   a c c o r d i n g   to  a  p r e f e r r e d  

fo rm  of  t he   i n v e n t i o n   a r e   r i v e t s   h a v i n g   c a p s   w h i c h  

e n g a g e   the   b e l t s .   The  s u r f a c e s   of  t he   r i v e t   c a p s   i n  

c o n t a c t   w i t h   t he   b e l t s   a r e   a r c u a t e   so  t h a t   t he   b a s e  



p l a t e s   may  p i v o t   or  r o t a t e   a b o u t   t h e   s i n g l e   l i n e   o f  

c o n n e c t i o n   w i t h   t he   b e l t s   d u r i n g   t h e i r   m o v e m e n t   a b o u t  

t h e   g u i d e   r o l l   means   and  t he   d r i v e   s p r o c k e t   m e a n s .  

The  b a s e   p l a t e s   of  t h e   f i n g e r s   a r e   f o r m e d  

w i t h i n   c l o s e   t o l e r a n c e s   to  t h e   same  p r e d e t e r m i n e d  

l e n g t h   and  t h i c k n e s s   b e f o r e   t h e y   a r e   c o n n e c t e d   to  t h e  

m e t a l   b e l t s .   In  a d d i t i o n ,   g u i d e   ba r   means   a r e   p r o v i d e d  

f o r   s u p p o r t i n g   t he   o u t e r   s u r f a c e s   of  t he   b a s e   p l a t e s   a s  

t h e y   a d v a n c e   t he   g e n e r a l l y   t u b u l a r   s h a p e d   m e t a l   b o d i e s  

b e t w e e n   t he   f i r s t   and  s e c o n d   p o s i t i o n s .   T h e s e   m e a s u r e s  

e n s u r e   t h a t   any  c a n t i n g   or  t i l t i n g   of  t he   b a s e   p l a t e s  

on  t he   b e l t s   in  r e s p o n s e   to  s t r e s s e s   a p p l i e d   to  t h e  

r e s p e c t i v e   f i n g e r s   in  a d v a n c i n g   t h e   s h e e t s   of  m e t a l ,   i s  

u n i f o r m   t h e r e b y   m a i n t a i n i n g   t h e   p r e c i s e   l o n g i t u d i n a l  

a l i g n m e n t   of  t he   o p p o s e d   e d g e s   to  be  w e l d e d .   T h e  

a c c u r a c y   of  t he   l o n g i t u d i n a l   p o s i t i o n i n g   of  t he   o p p o s e d  

e d g e s   to  be  w e l d e d   is   a l s o   e n h a n c e d   a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n   in  t h a t   t h e   s u r f a c e s   of  t he   f i n g e r s  

on  t he   b e l t s   w h i c h   c o o p e r a t e   to  e n g a g e   t he   t r a i l i n g   e n d  

of  a  g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t   of  m e t a l   a n d  

a d v a n c e   the   same  a r e   m a t c h - m a c h i n e d   w i t h   r e s p e c t   t o  

e a c h   o t h e r   e i t h e r   b e f o r e   or  a f t e r   t he   b a s e   p l a t e s  

t h e r e o f   have   been   c o n n e c t e d   on  t he   b e l t s .   In  a  

p r e f e r r e d   fo rm  of  t he   i n v e n t i o n   t h e   f i n g e r s   a r e   f o r m e d  

of  i n v e s t m e n t   c a s t   t o o l   s t e e l .  

A c c o r d i n g   to  a  f u r t h e r   f e a t u r e   of  t h e  

i n v e n t i o n   t he   a d v a n c i n g   means   f o r   s u c c e s s i v e l y  



a d v a n c i n g   t he   g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l  

f rom  a  f o r m i n g   means   to  a  f i r s t   p o s i t i o n   in  a  d i r e c t i o n  

t o w a r d   a  l a s e r   w e l d i n g   means   i n c l u d e s   i n d e x i n g   m e a n s  

f o r   r e p e a t e d l y   m o v i n g   s u c c e s s i v e   g e n e r a l l y   t u b u l a r  

s h a p e d   s h e e t s   of  m e t a l   o v e r   a t   l e a s t   t he   d i s t a n c e  

b e t w e e n   t he   f o r m i n g   means   and  the   f i r s t   p o s i t i o n .   T h e  

i n d e x i n g   means   in  one  fo rm  of  t he   i n v e n t i o n   i n c l u d e s   a  

cam  i n d e x e r .   A c c o r d i n g   to  a n o t h e r   form  of  t h e  

i n v e n t i o n   t he   i n d e x i n g   means   i n c l u d e s   a  D . C .  

s e r v o m o t o r .  

As  an  a d d i t i o n a l   f e a t u r e ,   t he   a d v a n c i n g   m e a n s  

c o m p r i s e s   a  p a i r   of  e n d l e s s   c h a i n s   e x t e n d i n g   b e t w e e n  

t he   f o r m i n g   means   and  t he   f i r s t   p o s i t i o n ,   e a c h   of  t h e  

c h a i n s   h a v i n g   a  p l u r a l i t y   of  f i n g e r s   m o u n t e d   t h e r e o n  

f o r   e n g a g i n g   t he   r e s p e c t i v e   t r a i l i n g   e n d s   of  s u c c e s s i v e  

g e n e r a l l y   t u b u l a r   s h a p e d   m e t a l   s h e e t s   to  a d v a n c e   t h e  

s h e e t s .   The  c h a i n s   a r e   a r r a n g e d   in  s p a c e d   r e l a t i o n s h i p  

on  o p p o s i t e   s i d e s   of  t he   g e n e r a l l y   t u b u l a r   s h a p e d  

s h e e t s   of  m e t a l   and  e x t e n d   a b o u t   r e s p e c t i v e   d r i v e  

s p r o c k e t s   and  i d l e r   s p r o c k e t s .  

The  a p p a r a t u s   f u r t h e r   i n c l u d e s   means   f o r  

a d j u s t i n g   t he   d i s t a n c e   b e t w e e n   t he   r e s p e c t i v e   d r i v e  

s p r o c k e t s   and  t h e   d i s t a n c e   b e t w e e n   t he   r e s p e c t i v e   i d l e r  

s p r o c k e t s .   Means  a r e   a l s o   p r o v i d e d   f o r   a d j u s t i n g   t h e  

d i s t a n c e   b e t w e e n   t h e   f o r m i n g   means   and  t h e   i d l e r   a n d  

d r i v e   s p r o c k e t s .   T h e s e   f e a t u r e s   p e r m i t   t h e   a p p a r a t u s  

to  be  a d j u s t e d   to  a d v a n c e   and  weld  a  wide   r a n g e   o f  



s i z e s   of  g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l .   I n  

t h i s   r e g a r d ,   as  a n o t h e r   f e a t u r e   of  t he   i n v e n t i o n ,   m e a n s  

a r e   p r o v i d e d   fo r   a d j u s t i n g   t he   p o s i t i o n   of  t he   f o r m i n g  

means   w i t h   r e s p e c t   to  t he   a d v a n c i n g   means   so  t h a t   t h e  

t r a i l i n g   e n d s   of  t he   g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   o f  

m e t a l   may  be  p o s i t i o n e d   a t   t he   same  l o c a t i o n   a l o n g   t h e  

a d v a n c i n g   means   w i t h   a  c h a n g e   in  t he   l e n g t h   or  h e i g h t  

of  t he   s h e e t   m e t a l   or  can  b o d y .  

T h u s ,   as  a  r e s u l t   of  t he   i n v e n t i o n   a n  

a p p a r a t u s   is   p r o v i d e d   f o r   c o n t i n u o u s l y   a d v a n c i n g   a n d  

w e l d i n g   m e t a l   can  b o d i e s   and  t he   l i k e   a t   h i g h   s p e e d s  

w i t h   i m p r o v e d   a c c u r a c y   of  a l i g n m e n t   of  t he   l o n g i t u d i n a l  

e d g e s   to  be  w e l d e d .   M o r e o v e r ,   t h e   a p p a r a t u s   of  t h e  

i n v e n t i o n   can  be  u sed   to  a d v a n c e   and  weld   a  g r e a t  

v a r i e t y   of  c a n s   w i t h   wide   r a n g i n g   can  d i a m e t e r s   a n d  

h e i g h t s .   F u r t h e r ,   w i t h   t he   a p p a r a t u s   of  t he   i n v e n t i o n  

t he   can  b o d i e s   a r e   moved  by  means   of  t he   i n d e x i n g   m e a n s  

f rom  t h e   f o r m i n g   means   to  a  f i r s t   p o s i t i o n   in  a  

d i r e c t i o n   t o w a r d   a  w e l d i n g   means   s u c h   t h a t   t h e y   a r e  

mov ing   a t   a  p r e d e t e r m i n e d   s p e e d   a t   t h e   f i r s t   p o s i t i o n  

and  t h e r e a f t e r   t he   a d d i t i o n a l   a d v a n c i n g   means   p e r m i t s  

t h e   s u c c e s s i v e   s h a p e d   s h e e t s   of  m e t a l   to  b e  

c o n t i n u o u s l y   a d v a n c e d   to  a  s e c o n d   p o s i t i o n   a t   a  

s u b s t a n t i a l l y   c o n s t a n t   s p e e d   f o r   l a s e r   w e l d i n g   t h e r e b y  

r e d u c i n g   t h e   l i k e l i h o o d   of  j amming   of  t he   a p p a r a t u s   a n d  

p e r m i t t i n g   r e l a t i v e l y   h i g h   p r o d u c t i o n   r a t e s .  

T h e s e   and  o t h e r   o b j e c t s ,   f e a t u r e s   a n d  



a d v a n t a g e s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   become   m o r e  

a p p a r e n t   f rom  t h e   f o l l o w i n g   d e s c r i p t i o n   when  t a k e n   i n  

c o n n e c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s   w h i c h   s h o w ,  

f o r   p u r p o s e s   of  i l l u s t r a t i o n   o n l y ,   one  p r e f e r r e d  

e m b o d i m e n t   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n .  

F i g u r e   1  i s   a  s c h e m a t i c   f r o n t   s i d e   v i e w   of  a n  

a p p a r a t u s   a c c o r d i n g   to  t he   i n v e n t i o n   f o r   c o n t i n u o u s l y  

f o r m i n g   and  l a s e r   w e l d i n g   m e t a l   can  b o d i e s ;  

F i g u r e   2  i s   a  f r o n t   s i d e   v i e w   of  t h e   b e l t  

g u i d e s   and  d r i v e   s p r o c k e t   of  t he   a p p a r a t u s   s h o w n  

s c h e m a t i c a l l y   in  F i g u r e   1 ;  

F i g u r e   3  i s   a  d e t a i l e d   s i d e   v i e w   of  t h e   Z - b a r  

s u p p o r t   a s s e m b l y   i l l u s t r a t e d   g e n e r a l l y   in  F i g u r e   2 ;  

F i g u r e   4  i s   a  r i g h t   end  v i e w ,   p a r t i a l l y   i n  

c r o s s   s e c t i o n ,   of  t h e   Z - b a r   s u p p o r t   a s s e m b l y   of  F i g u r e  

3 ;  

F i g u r e   5  is   an  end  v i e w   of  t h e   Z - b a r   s u p p o r t  

a s s e m b l y   i l l u s t r a t e d   in  F i g u r e   4  and  f u r t h e r   s h o w i n g  

t h e   p a i r   of  m e t a l   b e l t s   w i t h   f i n g e r s ,   t h e   l a s e r   w e l d i n g  

a p p a r a t u s   and  a  p l u r a l i t y   of  s u p p o r t   r o l l s   f o r   a  m e t a l  

can   b o d y ;  

F i g u r e   6  i s   a  t o p   v i e w   of  t h e   l o w e r   l e f t h a n d  

g u i d e   r o l l   shown  in  F i g u r e   2 ;  

F i g u r e   7  is   a  l e f t   end  v i e w   of  t he   a p p a r a t u s  

i l l u s t r a t e d   in  F i g u r e   2  w i t h   t h e   m e t a l   b e l t s   p r o v i d e d  

a b o u t   t h e   g u i d e   r o l l s   and  d r i v e   s p r o c k e t ;  



F i g u r e   8  is   a  p a r t i a l   c r o s s   s e c t i o n a l   v i e w   o f  

the   d r i v e   s p r o c k e t   and  i t s   s u p p o r t i n g   s h a f t   t a k e n   a l o n g  

t h e   l i n e   V I I I - V I I I   in  F i g u r e   2 ;  

F i g u r e   9  is   a  p l a n   v i e w   of  a  p o r t i o n   of  a  

p r e f e r r e d   fo rm  of  m e t a l   b e l t   f o r   t h e   a p p a r a t u s   of  t h e  

i n v e n t i o n ;  

F i g u r e   10  i s   a  f r o n t   v i e w   of  t h e   m e t a l   b e l t  

shown  in  F i g u r e   9 ;  

F i g u r e   11  i s   a  c r o s s   s e c t i o n a l   v i e w   of  t h e  

m e t a l   b e l t   of  F i g u r e   10  t a k e n   a l o n g   t h e   l i n e   X I I - X I I  

and  i l l u s t r a t i n g   the   m a n n e r   of  a t t a c h m e n t   of  a  b a s e  

p l a t e   w i t h   f i n g e r   to  t he   b e l t ;  

F i g u r e   12  i s   an  e n l a r g e d   v i e w   of  a  p o r t i o n   o f  

t h e   m e t a l   b e l t   d e p i c t e d   in  F i g u r e   9  and  s h o w i n g   a  p i n  

or  s p r o c k e t   t o o t h   h a v i n g   a  f l a t   f a c e   f o r   e n g a g i n g   i n  

t h e   r e c t a n g u l a r   h o l e s   in  t h e   b e l t   to  d r i v e   t he   s a m e ;  

F i g u r e   13  is   a  p l a n   v i e w   of  t h e   b o t t o m   o r  

b e l t   e n g a g i n g   s u r f a c e   of  a  b a s e   p l a t e   w i t h   f i n g e r  

a c c o r d i n g   to  t he   i n v e n t i o n ;  

F i g u r e   14  i s   a  f r o n t   s i d e   v i e w   of  t h e   b a s e  

p l a t e   w i t h   f i n g e r   i l l u s t r a t e d   in  F i g u r e   1 3 ;  

F i g u r e   15  is   a  r i g h t   end  v i e w   of  t he   b a s e  

p l a t e   w i t h   f i n g e r   as  shown  in  F i g u r e   1 4 ;  

F i g u r e   16  is  a  f r o n t   s i d e   v i e w   of  t he   i n d e x e r  

a s s e m b l y   i l l u s t r a t e d   s c h e m a t i c a l l y   in  F i g u r e   1 ;  

F i g u r e   17  is  a  r i g h t   end  v i e w   of  t h e   i n d e x e r  

a s s e m b l y   shown  in  F i g u r e   1 6 ;  



F i g u r e   18  is   a  s e c t i o n a l   v i e w   of  t he   i n d e x e r  

a s s e m b l y   of  F i g u r e   16  t a k e n   a l o n g   t h e   l i n e   X V I I I - X V I I I  

and  i l l u s t r a t i n g   the   i n d e x e r   a s s e m b l y   in  r e l a t i o n   t o  

t h e   r o l l   f o r m e r ;  

F i g u r e   19  is   a  s c h e m a t i c   d i a g r a m   of  a  d r i v e  

f o r   t h e   a p p a r a t u s   a c c o r d i n g   to  t h e   i n v e n t i o n ;  

F i g u r e   20  i s   a  s c h e m a t i c   d i a g r a m   of  a  d r i v e  

s i m i l a r   to  t h a t   shown  in  F i g u r e   19  b u t   w i t h   t h e   use   o f  

a  D.C.   s e r v o m o t o r   in  p l a c e   of  a  cam  o p e r a t e d   i n d e x e r ;  

a n d  

F i g u r e   21  i s   a  g r a p h   s h o w i n g   t he   s p e e d   of  a  

g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t   of  m e t a l   as  i t   is   m o v e d  

a l o n g   the   a p p a r a t u s   of  F i g u r e   1 .  

R e f e r r i n g   now  to  t h e   d r a w i n g s ,   F i g u r e   1 

s c h e m a t i c a l l y   i l l u s t r a t e s   an  a p p a r a t u s   1  a c c o r d i n g   t o  

t h e   i n v e n t i o n   f o r   c o n t i n u o u s l y   f o r m i n g   and  l a s e r  

w e l d i n g   m e t a l   can  b o d i e s .   The  a p p a r a t u s   c o m p r i s e s  

f o r m i n g   m e a n s ,   in  t h i s   c a s e   a  c o n v e n t i o n a l   r o l l   f o r m e r  

3,  f o r   s u c c e s s i v e l y   f o r m i n g   f l a t   s h e e t s   of  m e t a l   i n t o  

g e n e r a l l y   c y l i n d r i c a l   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   2 

h a v i n g   l o n g i t u d i n a l l y   e x t e n d i n g   e d g e s   to  be  w e l d e d .   A 

f o r m i n g   means   c o u l d   a l s o   be  u s e d   w h i c h   p r o v i d e s  

g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   w i t h   c r o s s  

s e c t i o n s   o t h e r   t h a n   r o u n d ,   s u c h   as  s q u a r e ,   f o r   e x a m p l e .  

An  a d v a n c i n g   means   4  s u c c e s s i v e l y   a d v a n c e s   t h e  

g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   f rom  t h e   r o l l  



f o r m e r   3  to   a  f i r s t   p o s i t i o n   5  in  a  d i r e c t i o n   t o w a r d   a  

l a s e r   w e l d i n g   a p p a r a t u s   6  s u c h   t h a t   t h e   g e n e r a l l y  

t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   2  a r e   mov ing   a t  a  

p r e d e t e r m i n e d   s p e e d   a t   t he   f i r s t   p o s i t i o n   5.  An 

a d d i t i o n a l   a d v a n c i n g   means   7  is   p r o v i d e d   f o r  

c o n t i n u o u s l y   a d v a n c i n g   t he   s u c c e s s i v e   m o v i n g ,   g e n e r a l l y  

t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   f rom  t h e   f i r s t   p o s i t i o n  

5  to  a  s e c o n d   p o s i t i o n   10  a t   a  s u b s t a n t i a l l y   c o n s t a n t  

s p e e d .   The  l a s e r   w e l d i n g   a p p a r a t u s   6,  a  c o n v e n t i o n a l  

2kw  gas   l a s e r ,   f o r   e x a m p l e  ,   is   a r r a n g e d   f o r   w e l d i n g  

t h e   l o n g i t u d i n a l l y   e x t e n d i n g   e d g e s   of  t h e   g e n e r a l l y  

t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   2  as  t h e y   a r e   a d v a n c e d  

by  t he   a d d i t i o n a l   a d v a n c i n g   means   7 .  

The  a d d i t i o n a l   a d v a n c i n g   means   7  a c c o r d i n g   t o  

t h e   i n v e n t i o n   i n c l u d e s   a  p a i r   of  e n d l e s s   m e t a l   b e l t s   8 

and  9  as  i l l u s t r a t e d   in  F i g u r e s   4,  5  and  7.  The  m e t a l  

b e l t s   8  and  9  e x t e n d   b e t w e e n   t he   f i r s t   and  s e c o n d  

p o s i t i o n s   5  and  10  and  e a c h   of  t he   b e l t s   has   a  

p l u r a l i t y   of  f i n g e r s   11  m o u n t e d   t h e r e o n   in  s p a c e d  

r e l a t i o n s h i p   f o r   e n g a g i n g   the   t r a i l i n g   e n d s   o f  

s u c c e s s i v e   g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   2 

to  a d v a n c e   t h e   s h e e t s .  

The  m e t a l   b e l t s   8  and  9  a r e   a r r a n g e d   i n  

s p a c e d   r e l a t i o n s h i p   on  o p p o s i t e   s i d e s   of  t h e  

l o n g i t u d i n a l l y   e x t e n d i n g   e d g e s   to  be  w e l d e d   by  means   o f  

a  p l u r a l i t y   of  g u i d e   r o l l s   1 2 - 1 7   and  a  d r i v e   s p r o c k e t  

95  i l l u s t r a t e d   in  F i g u r e s   1 - 3 ,   6  and  8.  The  d r i v i n g  



s p r o c k e t   95  i n c l u d e s   r e s p e c t i v e   d r i v e   s p r o c k e t   p o r t i o n s  

18  and  19.  Each  of  t he   d r i v e   s p r o c k e t   p o r t i o n s   18  a n d  

19  is   p r o v i d e d   w i t h   a  p l u r a l i t y   of  t e e t h   20  o n - i t s  

o u t e r   s u r f a c e   f o r   d r i v i n g l y   e n g a g i n g   in  a  s e r i e s   o f  

h o l e s   21  f o r m e d   in  t he   r e s p e c t i v e   b e l t s .   The  t e e t h   20  

a r e   f o r m e d   by  t he   u p p e r   p o r t i o n s   of  p i n s   w h i c h   a r e  

i n s e r t e d   i n t o   t h e   r e s p e c t i v e   s p r o c k e t s   in  p r e d e t e r m i n e d  

s p a c e d   r e l a t i o n s h i p .   As  i l l u s t r a t e d   in  F i g u r e   7,  t h e  

h o l e s   21  in  t he   b e l t s   a r e   c i r c u l a r   in  s h a p e   and  t h e  

t e e t h   20  h a v e   a  c o m p l e m e n t a r y   s h a p e   o v e r   t he   f o r w a r d  

p o r t i o n   of  t he   h o l e s .   The  u p p e r   s u r f a c e s   of  t he   t e e t h  

a r e   r e c e s s e d   o v e r   t he   t r a i l i n g   p o r t i o n   of  t he   t e e t h   s o  

as  n o t   to  i n t e r f e r e   w i t h   t h e   m e t a l   b e l t   d u r i n g  

e n g a g e m e n t   and  w i t h d r a w a l   of  t h e   t e e t h   f rom  t h e   h o l e s  

in  t he   b e l t s .   A l t e r n a t i v e l y ,   a c c o r d i n g   to  a  p r e f e r r e d  

fo rm  of  t he   i n v e n t i o n ,   t h e   h o l e s   f o r m e d   in  t h e   b e l t s  

f o r   r e c e i v i n g   t h e   t e e t h   on  t h e   d r i v i n g   s p r o c k e t s   a r e  

r e c t a n g u l a r   in  s h a p e   as  shown  a t   22  in  F i g u r e   12.  I n  

t h i s   c a s e   t h e   d r i v i n g   f a c e   of  t h e   t e e t h   23  on  t h e  

d r i v i n g   s p r o c k e t   a r e   f l a t   f o r   e n g a g i n g   t he   l e a d i n g   f l a t  

s i d e   of  t he   r e c t a n g u l a r   h o l e s   to  d r i v e   t he   b e l t s .   By 

u s i n g   s u c h   c o o p e r a t i n g   f l a t   s u r f a c e s   m a c h i n i n g   i s  

s i m p l i f i e d   and  t h e   n e c e s s a r y   a c c u r a t e   p o s i t i o n a l  

r e l a t i o n s h i p   of  t h e   s p r o c k e t   t e e t h   w i t h   r e s p e c t   to  t h e  

b e l t   h o l e s   is   more  e a s i l y   o b t a i n e d .   The  d r i v i n g   a r e a  

b e t w e e n   t he   t e e t h   and  b e l t s   i s   a l s o   g r e a t e r   w i t h   t h e  

use   of  such   c o o p e r a t i n g   f l a t   s u r f a c e s   t h e r e b y   a l l o w i n g  

t r a n s m i s s i o n   of  h i g h e r   t o r q u e   to  t h e   b e l t s .  



The  d r i v i n g   s p r o c k e t   95  i s   s u p p o r t e d   on  a  

d r i v i n g   s h a f t   24  in  a  n o n - r o t a t a b l e   m a n n e r   a s  

i l l u s t r a t e d   in  F i g u r e   8.  T h e  d r i v i n g   s h a f t   p a s s e s  

t h r o u g h   a  t o o l i n g   p l a t e   25  upon  w h i c h   mos t   of  t h e  

c o m p o n e n t s   of  t he   a p p a r a t u s   1  a r e   s u p p o r t e d .   The  d r i v e  

s h a f t   24  is   r o t a t a b l y   d r i v e n   t h r o u g h   an  o v e r l o a d   c l u t c h  

26  in  a  m a n n e r   d i s c u s s e d   h e r e i n a f t e r .  

The  g u i d e   r o l l s   16  and  17  in  t he   u p p e r   r i g h t  

of  t he   a d d i t i o n a l   a d v a n c i n g   means   7  i l l u s t r a t e d   i n  

F i g u r e   2  a r e   r o t a t a b l y   s u p p o r t e d   in  a  f i x e d   p o s i t i o n   b y  

a  f i x e d   i d l e r   a s s e m b l y   27.  G u i d e   r o l l s   14  and  15  i n  

t h e   u p p e r   l e f t   of  t h e   a d d i t i o n a l   a d v a n c i n g   means   7  a r e  

c o n n e c t e d   to  a  b e l t   t e n s i o n e r   28  w h o s e   s p r i n g s   29 

r e s i l i e n t l y   b i a s   t he   g u i d e   r o l l s   in  an  o u t w a r d  

d i r e c t i o n   to  t e n s i o n   t he   b e l t s   8  and  9.  As  i l l u s t r a t e d  

in  F i g u r e   2  t he   g u i d e   r o l l   15  is   m o u n t e d   s l i g h t l y   b e l o w  

and  to  the   r i g h t   of  t he   g u i d e   r o l l   14  on  t he   b e l t  

t e n s i o n e r   28.  The  m e t a l   b e l t s   8  and  9  a r e   of  e q u a l  

l e n g t h   so  t h a t   t h i s   d i f f e r e n c e   in  p o s i t i o n a l  

r e l a t i o n s h i p   of  t he   g u i d e   r o l l s   14  and  15  p e r m i t s   t h e  

g u i d e   r o l l   13  to  be  p o s i t i o n e d   s l i g h t l y   b e l o w   t he   g u i d e  

r o l l   12  in  an  e c c e n t r i c   i d l e r   a s s e m b l y   29  i l l u s t r a t e d  

in  F i g u r e   2.  T h i s   r e s u l t s   in  t he   b e l t s   8  and  9  b e i n g   a t  

d i f f e r e n t   h e i g h t s   a t   t h e   f i r s t   p o s i t i o n   5  or  l e f t   s i d e  

of  t he   a d d i t i o n a l   a d v a n c i n g   means   7  and  c o n v e r g i n g  

t o w a r d   one  a n o t h e r   g r a d u a l l y   a l o n g   the   l e n g t h   of  t h e  

a d d i t i o n a l   a d v a n c i n g   means   as  t h e y   move  t o w a r d   t h e  



s e c o n d   p o s i t i o n   10  w h e r e   t h e y   a r e   a t   t h e   same  h e i g h t .  

Such  a  s p a t i a l   r e l a t i o n s h i p   of  t he   m e t a l   b e l t s   t a k e s  

i n t o   a c c o u n t   t he   v e r t i c a l l y   o f f s e t   r e l a t i o n s h i p  o f   t h e  

o p p o s e d   e d g e s   of  t h e   g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   o f  

m e t a l   as  fed   f rom  t h e   c a t c h   ba r   30  of  t h e   r o l l   f o r m e r   3 

as  shown  in  F i g u r e   1 8 .  

More  p a r t i c u l a r l y ,   t he   o p p o s e d   e d g e s   of  t h e  

g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   r e m a i n   in  a  

v e r t i c a l l y   o f f s e t   r e l a t i o n s h i p   as  t h e y   a r e   a d v a n c e d  

t h r o u g h   t he   c a t c h   ba r   30  i n t o   an  i n t e r m e d i a t e   Z - b a r   3 1  

whose   g u i d e   c h a n n e l s   a r e   v e r t i c a l l y   o f f s e t   a l o n g   t h e  

e n t i r e   l e n g t h   t h e r e o f .   From  the   i n t e r m e d i a t e   Z - b a r   3 1  

t h e   v e r t i c a l l y   o f f s e t   e d g e s   of  t he   g e n e r a l l y   t u b u l a r  

s h a p e d   s h e e t s   of  m e t a l   2  a r e   g u i d e d   i n t o   a  Z - b a r   32  o f  

t h e   t y p e   shown  in  a p p l i c a n t ' s   U .S .   P a t e n t   N o .  

4 , 2 7 2 , 0 0 4 ,   f o r   e x a m p l e .   In  t h e   Z - b a r   32  t h e   v e r t i c a l l y  

o f f s e t   g u i d e   c h a n n e l s   c o n v e r g e   t o w a r d   one  a n o t h e r   a l o n g  

t h e   l e n g t h   of  t h e   Z - b a r   so  t h a t   t h e   o p p o s e d   e d g e s   o f  

t h e   m e t a l   s h e e t   a r e   b r o u g h t   i n t o   o v e r l a p p i n g   o r  

a b u t t i n g   c o n t a c t   w i t h   e a c h   o t h e r   in  t h e   a r e a   of  t h e  

l a s e r   w e l d i n g   a p p a r a t u s   6  w h e r e   t h e y   a r e   w e l d e d   to  o n e  

a n o t h e r .   The  Z - b a r s   31  and  32  a r e   s u p p o r t e d   on  t h e  

t o o l i n g   p l a t e   25  by  t h e   Z - b a r   s u p p o r t   a s s e m b l y   44.   T h e  

p a t h s   of  t he   m e t a l   b e l t s   8  a n d   9  b e t w e e n   t he   g u i d e  

r o l l s   12  and  13  a t   t h e   f i r s t   p o s i t i o n   5  and  t he   d r i v e  

s p r o c k e t s   18  and  19  a t   t h e   s e c o n d   p o s i t i o n   10  a r e  

e s s e n t i a l l y   p a r a l l e l   to  t he   p a t h s   of  t he   r e s p e c t i v e  



g u i d e d   e d g e s   of  t he   g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   o f  

m e t a l   2  f rom  the   f i r s t   p o s i t i o n   5  to  t he   s e c o n d  

p o s i t i o n   10.  T h e r e f o r e ,   t h e   f i n g e r s   11  on  t h e - m e t a l  

b e l t s   8  and  9  r e m a i n   e s s e n t i a l l y   s t a t i o n a r y   w i t h  

r e s p e c t   to  t he   t r a i l i n g   e n d s   of  t he   s h e e t s   w h i c h   t h e y  

e n g a g e   so  as  to  r e d u c e   or  m i n i m i z e   t h e   wear   of  t h e  

f i n g e r s   11  and  p o s s i b l e   c a n t i n g   or  d e f o r m a t i o n   of  t h e  

a d v a n c i n g   m e t a l   s h e e t s .   The  f i x e d   i d l e r   a s s e m b l y   2 7 ,  

b e l t   t e n s i o n e r   28  and  e c c e n t r i c   i d l e r   a s s e m b l y   29  a r e  

s u p p o r t e d   on  t h e   t o o l i n g   p l a t e   25  of  t h e   a p p a r a t u s .  

The  c o n f i g u r a t i o n   of  t h e   g u i d e   r o l l s   1 2 - 1 7   can  b e  

u n d e r s t o o d   by  r e f e r e n c e   to  F i g u r e   6  w h e r e i n   t h e   g u i d e  

r o l l s   12  and  13  a r e   shown  in  s p a c e d   r e l a t i o n s h i p .   E a c h  

g u i d e   r o l l   is   p r e f e r a b l y   p r o v i d e d   w i t h   a  r e c e s s   o r  

c h a n n e l   33  w i t h i n   w h i c h   a  m e t a l   b e l t   8  or  9  i s   to  b e  

r e c e i v e d .   Two  c h a n n e l s   34  a r e   c u t   i n t o   t he   b o t t o m   o f  

e a c h   r e c e s s   33  f o r   r e c e i v i n g   the   f a s t e n e r s ,   r i v e t s   a s  

d i s c u s s e d   h e r e i n a f t e r ,   w h i c h   c o n n e c t   t h e   m e t a l   f i n g e r s  

11  to  t he   b e l t s .  

R e s p e c t i v e   p a i r s   of  g u i d e   b a r s   3 5 - 3 8   a r e  

p r o v i d e d   u n d e r   t he   b e l t s ,   t h a t   i s ,   on  t he   i n n e r   s i d e  

t h e r e o f ,   b e t w e e n   t h e   g u i d e   r o l l s   and  t h e   d r i v i n g  

s p r o c k e t   to  s u p p o r t   t h e   b e l t s   so  as  to  p r e v e n t  

v i b r a t i o n s   and  v e r t i c a l   m o v e m e n t   of  t he   b e l t s   w h i l e  

t h e y   a r e   d r i v e n .   The  p a i r s   of  g u i d e   b a r s   35,  36  and  37  

a r e   m o u n t e d   on  L - s h a p e d   s u p p o r t i n g   b r a c k e t s   39,  40  a n d  

41,   r e s p e c t i v e l y   w h i c h   a r e ,   in  t u r n ,   a d j u s t a b l y   s e c u r e d  



to  t he   t o o l i n g   p l a t e   by  s u i t a b l e   f a s t e n e r s   42  a s  

i l l u s t r a t e d   in  F i g u r e   2.  The  p a i r   of  g u i d e   b a r s   38  a r e  

f a s t e n e d   to  a  Z - b a r   s u p p o r t   a s s e m b l y   44  s h o w n - i n  

F i g u r e s   3 - 5 .   Each   of  t h e   g u i d e   b a r s   has   a  s u p p o r t i n g  

s u r f a c e   w i t h   two  c h a n n e l s   f o r m e d   t h e r e i n   of  t he   t y p e  

i l l u s t r a t e d   a t   43  in  F i g u r e s   4  and  5  f o r   a c c o m m o d a t i n g  

t h e   r i v e t s   c o n n e c t i n g   t h e   f i n g e r s   11  to  t h e   m e t a l  

b e l t s .   The  g u i d e   b a r s   a r e   p r e f e r a b l y   f o r m e d   of  a  w e a r  

r e s i s t a n t   m a t e r i a l   s u c h   as  a  p l a s t i c   or  a  m e t a l ,   f o r  

e x a m p l e ,   a l u m i n u m   b r o n z e .   At  l e a s t   t he   g u i d e   b a r s   38  

a r e   m a c h i n e d   in  m a t c h e d   s e t s   so  as  to  a c c u r a t e l y  

p o s i t i o n   t he   b e l t s   8  and  9  on  e i t h e r   s i d e   of  t he   Z - b a r  

32  as  shown  in  F i g u r e s   4  and  5.  The  g u i d e   b a r s   37 

b e t w e e n   t h e   d r i v e   s p r o c k e t   95  and  t he   a d j a c e n t   g u i d e  

r o l l s   16  and  17  on  t h e   d o w n s t r e a m   s i d e   of  t he   d r i v e  

s p r o c k e t   i n c l u d e   p o r t i o n s   45  w h i c h   e x t e n d   to  a  p o i n t  

i m m e d i a t e l y   a d j a c e n t   t h e   d r i v e   s p r o c k e t   p o r t i o n s   18  a n d  

19  f o r   s t r i p p i n g   t h e   m e t a l   b e l t s   8  and  9  o f f   t he   d r i v e  

s p r o c k e t   as  t h e y   r o t a t e .   By  f o r m i n g   t h e   g u i d e   b a r s   3 7 ,  

i n c l u d i n g   p o r t i o n s   45,  of   a  wear   r e s i s t a n t   m a t e r i a l ,  

t h e   p o r t i o n s   45  may  a c t u a l l y   rub   a g a i n s t   t h e   d r i v e  

s p r o c k e t   to  s t r i p   t h e   b e l t s   o f f   t h e   d r i v e   s p r o c k e t .   T o  

m i n i m i z e   t h e   d i f f i c u l t y   in  s e p a r a t i n g   t h e   m e t a l   b e l t s  

f rom  t h e   d r i v e   s p r o c k e t ,   t h e   t e e t h   20  or  23  on  t h e  

d r i v e   s p r o c k e t   h a v e   a  h e i g h t   w h i c h   i s   o n l y   s l i g h t l y  

g r e a t e r   t h a n   t he   b e l t   t h i c k n e s s .   As  i l l u s t r a t e d   i n  

F i g u r e   2,  t he   s t r i p p e r   p o r t i o n s   45  of  t h e   g u i d e   b a r s   37 



h a v e  a   k n i f e   edge   c o n f i g u r a t i o n   a d j a c e n t   t he   d r i v i n g  

s p r o c k e t   w h i c h   f o l l o w s   t h e   c o n t o u r   of  t h e   s p r o c k e t .  

The  c o n t i n u o u s   m e t a l   b e l t s   8  and  9 

i l l u s t r a t e d   in  F i g u r e s   7  and  9 -12   a r e   p r e f e r a b l y   f o r m e d  

f rom  a  c o r r o s i o n   r e s i s t a n t   s t a i n l e s s   s t e e l   h a v i n g   a  

t h i c k n e s s   of  0 . 0 1 0   i n c h   and  a  w i d t h   of  1 . 1 2   to  1 . 1 3  

i n c h e s .   A  m a g n e t i c   or  a  n o n - m a g n e t i c   s t a i n l e s s   s t e e l  

may  be  e m p l o y e d   p r o v i d e d   t h e   b e l t   m a t e r i a l   has   g o o d  

f l e x i b i l i t y   s i n c e   i t   mus t   bend  a r o u n d   t he   g u i d e   r o l l s  

and  d r i v e   s p r o c k e t   u n d e r   t e n s i o n .   D u r i n g   f a b r i c a t i o n  

of  t he   b e l t s ,   c o n t i n u o u s   s t a i n l e s s   s t e e l   s t r i p s   a r e  

p u n c h e d   w i t h   h o l e s   s u c h   as  21  or  22  f o r   r e c e i v i n g   t h e  

t e e t h   20  or  23  of  t h e   d r i v i n g   s p r o c k e t .   T h e s e   h o l e s  

may  be  s p a c e d   e v e r y   h a l f   i n c h   a l o n g   t he   b e l t ,   f o r  

e x a m p l e .   S i m i l a r l y ,   a  s e r i e s   of  s m a l l e r ,   u n i f o r m l y  

s p a c e d   h o l e s   46  a r e   a l s o   p u n c h e d   on  e a c h   s i d e   of  t h e  

c e n t r a l   h o l e s   21  or  22  f o r   f a s t e n i n g   t he   f i n g e r s   11  o n  

t h e   b e l t s .   The  s p a c i n g   b e t w e e n   the   h o l e s   46  is   t h e   s a m e  

as  t he   s p a c i n g   b e t w e e n   t h e   c e n t r a l   h o l e s   21  or  22  i n  

t he   i l l u s t r a t e d   e m b o d i m e n t   b u t   may  v a r y   d e p e n d i n g   u p o n  

the   l e n g t h   of  t he   g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   o f  

m e t a l   or  can  b o d i e s   to  be  a d v a n c e d   by  t he   a p p a r a t u s .  

Once  the   d e s i r e d   h o l e s   have   been   p u n c h e d   in  t h e  

s t a i n l e s s   s t e e l   s t r i p s   t he   e n d s   of  t he   s t r i p s   a r e   b u t t  

w e l d e d   as  by  e l e c t r o n   beam  or  l a s e r   w e l d i n g   so  as  t o  

fo rm  c o n t i n u o u s   m e t a l   b e l t s .   In  t he   d i s c l o s e d  

e m b o d i m e n t   the   o v e r a l l   l e n g t h   of  t he   b e l t s   u s e d   w i t h  



t h e   a p p a r a t u s   is   b e t w e e n   70  and  75  i n c h e s .   W h i l e   t h e  

t h i c k n e s s   of  t he   m e t a l   b e l t s   in  t he   d i s c l o s e d  

e m b o d i m e n t   is  0 . 0 1 0   i n c h ,   t h e   b e l t   t h i c k n e s s   may  v a r y  

f rom  0 . 0 0 5   to  0 . 0 2 0   i n c h   or  m o r e .   For  s t r e n g t h  

p u r p o s e s ,   i t   is   d e s i r a b l e   to  use   t h e   t h i c k e s t   b e l t  

p o s s i b l e ,   b u t   t h e   min imum  b e n d i n g   r a d i u s   of  t h e   b e l t s  

i n c r e a s e s   w i t h   b e l t   t h i c k n e s s   to  l i m i t   t h e   b e l t  

t h i c k n e s s   t h a t   can  be  u s e d ,   c o n s i d e r i n g   t he   f a t i g u e  

l i f e   of  t h e   b e l t .  

The  f i n g e r s   11  m o u n t e d   on  t h e   b e l t s   8  and  9 

a r e   c o n n e c t e d   to  r e s p e c t i v e   b a s e   p l a t e s   47.  C o n n e c t i n g  

means   in  t he   fo rm  of  r i v e t s   48  a r e   p r o v i d e d   f o r  

c o n n e c t i n g   t h e   r e s p e c t i v e   b a s e   p l a t e s   to  t h e   m e t a l  

b e l t s   as  d e p i c t e d   in  F i g u r e s   9  and  11,  f o r   e x a m p l e .   Two 

r i v e t s   48  a r e   u s e d   to  c o n n e c t   e a c h   b a s e   p l a t e   47  to  t h e  

m e t a l   b e l t   in  t h e   i l l u s t r a t e d   e m b o d i m e n t .   The  h o l e s   46 

f o r   t h e   two  r i v e t s   48  a r e   a r r a n g e d   a l o n g   a  l i n e  

e x t e n d i n g   p e r p e n d i c u l a r   to  t h e   d i r e c t i o n   of  m o v e m e n t   o f  

t h e   b e l t s .   W i t h   t h i s   a r r a n g e m e n t   e a c h   b a s e   p l a t e   47  i s  

c o n n e c t e d   to  t h e   b e l t s   a t   a  s i n g l e   l i n e   a l o n g   t h e  

l e n g t h   of  t he   b e l t s   w h i c h   e x t e n d s i n   a  d i r e c t i o n  

p e r p e n d i c u l a r   to  t he   d i r e c t i o n   of  m o v e m e n t   of  t he   b e l t s  

t h e r e b y   p e r m i t t i n g   t h e   b e l t s   to  t r a v e l   a r o u n d   t h e   g u i d e  

r o l l s   and  d r i v e   s p r o c k e t   w h i l e   c a r r y i n g   t h e   b a s e   p l a t e s  

w i t h   f i n g e r s   w i t h o u t   u n d u l y   s t r e s s i n g   t h e   b e l t s .   T h e  

a b i l i t y   of  t he   m e t a l   b e l t s   to  move  a t   h i g h   s p e e d s  

a r o u n d   the   g u i d e   r o l l s   and  d r i v i n g   s p r o c k e t   is   a l s o  



e n h a n c e d   by  u s i n g   r i v e t s   48  w i t h   r i v e t   c a p s   49  w h i c h  

a r e   f o r m e d   w i t h   a r c u a t e   s u r f a c e s   50  in  c o n t a c t   w i t h   t h e  

u n d e r s i d e   of  t h e   b e l t s .   The  u p p e r   or  o u t w a r d l y   f a c i n g  

s i d e s   of  t he   b a s e   p l a t e s   47  have   r e c e s s e s   51  f o r m e d  

t h e r e i n   f o r   r e c e i v i n g   the   t o p s   of  t he   r i v e t s   4 8 .  

Each   of  t h e   b a s e   p l a t e s   47  f o r   t he   f i n g e r s   11  

i s   m a c h i n e d   to  w i t h i n   c l o s e   t o l e r a n c e s   to  t he   s a m e  

p r e d e t e r m i n e d   l e n g t h   and  t h i c k n e s s   b e f o r e   i t   i s   r i v e t e d  

to  a  m e t a l   b e l t .   The  f i n g e r s   11  may  be  i n t e g r a l l y  

f o r m e d   w i t h   t he   b a s e   p l a t e s   47  by  m a c h i n i n g   f rom  a  

s o l i d   w r o u g h t   m a t e r i a l ,   by  c a s t i n g ,   or  by  s i n t e r i n g   a  

p o w d e r e d   m a t e r i a l   s u c h   as  a  p o w d e r e d   c a r b i d e   m a t e r i a l  

u n d e r   p r e s s u r e .   One  s u i t a b l e   c a s t   m e t a l   t h a t   may  b e  

e m p l o y e d   f o r   t he   f i n g e r s   11  and  b a s e   p l a t e s   47  i s  

NIHARD,  a  h i g h   n i c k e l   f e r r o u s   a l l o y .   A  c a s t   t o o l   s t e e l  

may  a l s o   be  e m p l o y e d .   In  t h e   d i s c l o s e d   p r e f e r r e d  

e m b o d i m e n t   t he   f i n g e r s   11  and  b a s e   p l a t e s   47  a r e   f o r m e d  

of  i n v e s t m e n t   c a s t   t o o l   s t e e l   t h a t   is   m a c h i n e d   and  h e a t  

t r e a t e d .   T h i s   m a t e r i a l   p r o v i d e s   an  e x c e l l e n t  

c o m b i n a t i o n   of  h i g h   s t r e n g t h ,   wear   r e s i s t a n c e ,   e a s e   o f  

m a n u f a c t u r i n g   and  r e l a t i v e l y   low  c o s t .  

I n s t e a d   of  f o r m i n g   the   m e t a l   f i n g e r s   11  

i n t e g r a l   w i t h   t he   b a s e   p l a t e s   47  as  shown  in  F i g u r e s  

1 3 - 1 5 ,   t he   m e t a l   f i n g e r s   11  may  be  s e p a r a t e l y  f o r m e d  

and  c o n n e c t e d   to  t he   b a s e   p l a t e s   by  b r a z i n g ,   f o r  

e x a m p l e .   The  f i n g e r s   t h e m s e l v e s   may  a l s o   be  f o r m e d   o f  

a  c o m p o s i t e   m a t e r i a l   i n c l u d i n g   a  m e t a l   s h e e t   c o n t a c t i n g  



p o r t i o n   of  a  c e r a m i c   m a t e r i a l   and  an  a d j a c e n t   p o r t i o n  

of  m e t a l ,   f o r   e x a m p l e .   The  two  p o r t i o n s   may  be  g l u e d  

or  b r a z e d   t o g e t h e r   to  fo rm  a  s i n g l e   f i n g e r .   A  f i n g e r  

h a v i n g   a  c e r a m i c   p o r t i o n   w h i c h   c o n t a c t s   t he   g e n e r a l l y  

t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   i s   p a r t i c u l a r l y  

a d v a n t a g e o u s   w h e r e   i t   is  d e s i r e d   to  e l e c t r i c a l l y  

i n s u l a t e   t h e   a d d i t i o n a l   a d v a n c i n g   means   7  f rom  t h e  

m e t a l   s h e e t .   H o w e v e r ,   w i t h   mos t   l a s e r   w e l d i n g ,   m e t a l  

f i n g e r s   a r e   p r e f e r a b l e   as  c o m p a r e d   w i t h   c e r a m i c   f i n g e r s  

b e c a u s e   t h e y   r e f l e c t   l i g h t   b e t t e r .   In  c a s e   t h e  

a d d i t i o n a l   a d v a n c i n g   means   7  of  t he   i n v e n t i o n   i s   u s e d  

to  a d v a n c e   g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   f o r  

r e s i s t a n c e   w e l d i n g ,   t h e   b a s e   p l a t e s   47  may  be  a  

n o n m a g n e t i c   m a t e r i a l   and  t he   f i n g e r s   11  t h e r e o n   a  

h a r d e n e d ,   wear   r e s i s t a n t   m a t e r i a l   so  as  to  a v o i d   t h e  

i n d u c t i o n   f i e l d   f rom  t h e   r e s i s t a n c e   w e l d i n g   p r o c e s s .  

In  a d d i t i o n   to  t he   p a i r s   of  g u i d e   b a r s   3 5 - 3 8  

p r o v i d e d   a d j a c e n t   t h e   b o t t o m   or  i n n e r s i d e   of  t h e   m e t a l  

b e l t s   f o r   s u p p o r t i n g   t h e   b e l t s   d u r i n g   t h e i r   m o v e m e n t ,  

an  a d d i t i o n a l   p a i r   of  g u i d e   b a r s   52  a r e   p r o v i d e d   f o r  

s u p p o r t i n g   t he   o u t e r   s u r f a c e s   of  t he   b a s e   p l a t e s   47  a s  

t h e y   a d v a n c e   t h e   g e n e r a l l y   t u b u l a r   s h a p e d   m e t a l   b o d i e s  

2  b e t w e e n   t h e   f i r s t   p o s i t i o n   5  and  t he   s e c o n d   p o s i t i o n  

10.   The  p a i r   of  g u i d e   b a r s   52  a r e   i l l u s t r a t e d   i n  

F i g u r e s   2,  4  and  5.  The  g u i d e   b a r s   52  a r e   a t t a c h e d   t o  

t h e   p a i r   of  g u i d e   b a r s   38  w h i c h   in  t u r n   a r e   c a r r i e d   b y  

t h e   Z - b a r   s u p p o r t   a s s e m b l y   44  m o u n t e d   on  t he   t o o l i n g  



p l a t e   25.  The  g u i d e   b a r s   52  a r e   p r e f e r a b l y   f o r m e d   of  a  

wear   r e s i s t a n t   m a t e r i a l   s u c h   as  a l u m i n u m   b r o n z e .  

T o g e t h e r   t h e   g u i d e   b a r s   38  and  g u i d e   b a r s   52  d e f i n e  

c h a n n e l s   53  w i t h i n   w h i c h   t he   m e t a l   b e l t s   and  b a s e  

p l a t e s   47  a r e   c l o s e l y   c o n f i n e d .   The  c h a n n e l s   53  a r e  

s u f f i c i e n t l y   l a r g e   to  p e r m i t   t he   l o n g i t u d i n a l   m o v e m e n t  

of  t he   b e l t s   b u t   l i m i t   t he   c a n t i n g   or  t i l t i n g   of  t h e  

b a s e   p l a t e s   47  w h i c h   may  o c c u r   a b o u t   t he   c o n n e c t i o n  

l i n e   f o r m e d   by  t h e   r i v e t s   48  b e t w e e n   t he   b a s e   p l a t e s  

and  t he   m e t a l   b e l t s   as  a  r e s u l t   of  t he   f o r c e s   on  t h e  

f i n g e r s   11  d u r i n g   m o v e m e n t   of  t he   g e n e r a l l y   t u b u l a r  

s h a p e d   m e t a l   s h e e t s   2.  Any  c a n t i n g   or  t i l t i n g   of  t h e  

b a s e   p l a t e s   47  on  t h e   b e l t s   a b o u t   t he   r i v e t s   48  

n e c e s s a r i l y   c h a n g e s   t he   l o n g i t u d i n a l   p o s i t i o n   of  t h e  

f i n g e r s   11.  H o w e v e r ,   by  m a t c h   m a c h i n i n g   the   d i m e n s i o n s  

of  t h e   g u i d e   b a r s   38,  g u i d e   b a r s   52  and  t he   l e n g t h   a n d  

t h i c k n e s s   of  t he   b a s e   p l a t e s   47,  t he   p e r m i s s i b l e  

t i l t i n g   or  c a n t i n g   of  the   b a s e   p l a t e s   is   t he   same  s o  

t h a t   t h e r e   w i l l   be  no  m i s a l i g n m e n t   i n t r o d u c e d   as  a  

r e s u l t   of  t h i s   a r r a n g e m e n t .   F u r t h e r ,   to  e n s u r e   t h a t  

t h e   e d g e s   of  t he   s h e e t   m e t a l   to  be  w e l d e d   a r e   p r e c i s e l y  

l o n g i t u d i n a l l y   a l i g n e d   w i t h   r e s p e c t   to  e a c h   o t h e r ,   t h e  

s u r f a c e s   of  t he   f i n g e r s   1 1  o n   the   b e l t s   w h i c h   c o o p e r a t e  

to  e n g a g e   t h e   t r a i l i n g   end  of  a  g e n e r a l l y   t u b u l a r  

s h a p e d   s h e e t   of  m e t a l   and  a d v a n c e   the   same  a r e   m a t c h  

m a c h i n e d   w i t h   r e s p e c t   to  e a c h   o t h e r   e i t h e r   b e f o r e   o r  

a f t e r   t h e   b a s e   p l a t e s   t h e r e o f   have   been   c o n n e c t e d   o n  

t h e   b e l t s .  



The  a d v a n c i n g   means   4  f o r   s u c c e s s i v e l y  

a d v a n c i n g   t he   g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l  

2  f rom  t he   r o l l   f o r m e r   3  to  t he   f i r s t   p o s i t i o n   5  in  a  

d i r e c t i o n   t o w a r d   the   l a s e r   w e l d i n g   a p p a r a t u s   6 

c o m p r i s e s   a  p a i r   of  c h a i n s   54  e x t e n d i n g   b e t w e e n   t h e  

r o l l   f o r m e r   and  t h e   f i r s t   p o s i t i o n   a b o u t   r e s p e c t i v e  

p a i r s   of  s p r o c k e t s   55  and  56  as  i l l u s t r a t e d   in  F i g u r e s  

16  and  17.   Each  of  t he   e n d l e s s   c h a i n s   54  has   a  

p l u r a l i t y   of  f i n g e r s   57,  t h r e e   f i n g e r s   in  t h e   d i s c l o s e d  

e m b o d i m e n t   as  shown  in  F i g u r e   1,  m o u n t e d   t h e r e o n   f o r  

e n g a g i n g   t h e   r e s p e c t i v e   t r a i l i n g   e n d s   of  s u c c e s s i v e l y  

g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   to  a d v a n c e   t h e  

s h e e t s .   Each   of  t he   p a i r s   of  s p r o c k e t s   55  and  56  a r e  

s u p p o r t e d   on  a  s h a f t   of  t he   t y p e   i l l u s t r a t e d   a t   58  i n  

F i g u r e   17.  The  a s s e m b l i e s   of  t he   s h a f t s   and  s p r o c k e t s  

55  and  56  a r e   r e s p e c t i v e l y   s u p p o r t e d   f rom  t h e   t o o l i n g  

p l a t e   25  by  means   of  s u p p o r t   b r a c k e t s   59  and  60.   T h e  

s p r o c k e t s   55  and  56  a r e   s p a c e d   a p a r t   on  t h e   r e s p e c t i v e  

s h a f t s   58  by  means   of  s p a c e r s   61  so  t h a t   t h e   c h a i n s   54  

a r e   p o s i t i o n e d   on  o p p o s i t e   s i d e s   of  t h e   g e n e r a l l y  

t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   2.  The  s p r o c k e t s   55  f o r  

t h e   c h a i n s   54  a r e   i d l e r   s p r o c k e t s   and  t he   s p r o c k e t s   56  

a c t   as  d r i v e   s p r o c k e t s .   The  s p r o c k e t s   56  a r e  

n o n r o t a t a b l y   c o n n e c t e d   to  t he   s h a f t   58  w h i c h   i n   t u r n   i s  

d r i v e n   by  t h e   o u t p u t   of  an  i n d e x e r   62  t h r o u g h   a n  

o v e r l o a d   c l u t c h   63,  s p r o c k e t   64,  t o o t h e d   b e l t   65  a n d  

s p r o c k e t   66  c o n n e c t e d   to  t he   s h a f t   58.  A  t a k e u p   r o l l e r  

67  is   p r o v i d e d   to  t e n s i o n   t h e   b e l t   6 5 .  



A  s e r i e s   of  v e r t i c a l l y   a l i g n e d ,   s p a c e d   a p a r t  

h o l e s   s u c h   as  t h o s e   shown  a t   68  and  69  a r e   p r o v i d e d   i n  

t h e   t o o l i n g   p l a t e   25  to   a d j u s t   t he   p o s i t i o n   of  t h e  

i d l e r   s p r o c k e t s   55  and  d r i v e   s p r o c k e t s   56  u p w a r d   a n d  

d o w n w a r d   w i t h   r e s p e c t   to   t he   c a t c h   ba r   30  of  t h e   r o l l  

f o r m e r   to  a c c o m m o d a t e   d i f f e r e n t   s i z e s   of  g e n e r a l l y  

t u b u l a r   s h a p e d   s h e e t s   of  m e t a l .   The  d i s t a n c e   b e t w e e n  

t h e   i d l e r   s p r o c k e t s   55  and  d r i v e   s p r o c k e t s   56  can   b e  

a d j u s t e d   by  c h a n g i n g   t he   s i z e   of  t he   s p a c e r s   61.  T h e  

r o l l   f o r m e r   3  i s   m o u n t e d   on  a  s u b f r a m e   of  t he   m a c h i n e  

on  s l i d e s   69  w h i c h   p e r m i t   a d j u s t m e n t   of  t h e   p o s i t i o n   o f  

t h e   r o l l   f o r m e r   in  t h e   d i r e c t i o n   of  t h e   m o v e m e n t   of  t h e  

g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   2.  T h u s ,   w i t h  

d i f f e r e n t   l e n g t h s   of  s h e e t   m e t a l ,   t h e   r o l l   f o r m e r   c a n  

be  a d j u s t e d   w i t h   r e s p e c t   to  t h e   a d v a n c i n g   means   4  s o  

t h a t   t h e   t r a i l i n g   e n d s   of  t he   m e t a l   s h e e t s   a r e   a l w a y s  

p o s i t i o n e d   a t   t h e   same  p o i n t   70  a l o n g   t h e   a d v a n c i n g  

m e a n s .  

T h e s e   f e a t u r e s   of  t h e   p r e s e n t   i n v e n t i o n   a r e  

p a r t i c u l a r l y   a d v a n t a g e o u s   in  t h a t   t h e y   p e r m i t   t h e  

a p p a r a t u s   to  c o n t i n u o u s l y   fo rm  and  weld   can  b o d i e s   f o r  

t h e   f u l l   r a n g e   of  s i z e s   of  t h r e e - p i e c e   c a n s   r e c o g n i z e d  

by  t h e   Can  M a n u f a c t u r e r s   I n s t i t u t e .   T h a t   i s ,   c a n  

b o d i e s   can  be  f o r m e d   and  w e l d e d   w i t h   can  d i a m e t e r s  

r a n g i n g   f rom  1 12 16  to   6  10 16  i n c h e s   and  w i t h   c a n  

l e n g t h s   or  h e i g h t s   r a n g i n g   of  f rom  2 14 16  or  s h o r t e r   to   CN.  4 | 1 4 | 8 2  

7  i n c h e s   in  t h e   c a s e   of  s a n i t a r y   c a n s   f o r   f ood   o r  



p h a r m a c e u t i c a l s ,   f o r   e x a m p l e .   The  a p p a r a t u s   i s   a l s o  

u s e f u l   f o r   f o r m i n g   and  w e l d i n g   a  f u l l   r a n g e   of  s t a n d a r d  

a e r o s o l   c a n s   w h i c h   may  be  r e l a t i v e l y   s m a l l   in  d i a m e t e r  

y e t   as  t a l l   as  98 16  i n c h e s .   C . N .   4 | 1 4 |   8 2  

The  g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l  

2  a r e   f o r m e d   f r o m   f l a t   s h e e t s   of  m e t a l   h a v i n g   a  

t h i c k n e s s   of  0 . 0 0 8   i n c h ,   f o r   e x a m p l e ,   by  t h e   r o l l  

f o r m e r   3  and  d e l i v e r e d   to  t h e   c a t c h   ba r   30  of  t h e   r o l l  

f o r m e r   i m m e d i a t e l y   o v e r   t h e   a d v a n c i n g   means   4  a s  

i l l u s t r a t e d   in  F i g u r e   18.  In  t h i s   p o s i t i o n   t h e  

g e n e r a l l y   c y l i n d r i c a l   s h e e t s   of  m e t a l   2  a r e   s u p p o r t e d  

and  g u i d e d   by  d i s h - s h a p e d   e l e m e n t s   71  e x t e n d i n g   b e n e a t h  

and  a l o n g   t he   s i d e s   of  t he   m e t a l   s h e e t   2.  T h e  

e l e m e n t s   71  a r e   s u p p o r t e d   in  a  f r a m e   72  s h o w n  

s c h e m a t i c a l l y   in  F i g u r e   18  w h i c h ,   in  t u r n ,   is   c a r r i e d  

by  a  s u p p o r t   b r a c k e t   73  a t t a c h e d   to  t he   t o o l i n g   p l a t e  

25.   The  f r a m e   72  a l s o   s u p p o r t s   g u i d e s   74  f o r   t h e  

c h a i n s   54.  In  t h i s   p o s i t i o n   t h e   f i n g e r s   57  on  t h e  

c h a i n s   54  e n g a g e   t h e   l o w e r   p o r t i o n s   of  t he   s h e e t   m e t a l  

2  on  o p p o s i t e   s i d e s   t h e r e o f   w h i l e   t he   u p p e r   e d g e s   o f  

t h e   s h e e t   m e t a l   a r e   g u i d e d   in  t h e   c a t c h   ba r   30.   As  t h e  

s h e e t   m e t a l   i s   a d v a n c e d   in  t h e   d i r e c t i o n   of  t h e   l a s e r  

w e l d i n g   a p p a r a t u s   6,  t h e   o p p o s e d   e d g e s   a r e   s u c c e s s i v e l y  

g u i d e d   by  t h e   i n t e r m e d i a t e   Z - b a r   31  and  t h e   Z - b a r   32  t o  

t h e   p o i n t   of  w e l d i n g   as  d i s c u s s e d   a b o v e .   The  f r a m e   7 2  

and  the   e l e m e n t s   71  t h e r e i n   e x t e n d   a l o n g   t h e   a p p a r a t u s  

in  t h e   d i r e c t i o n   of  t h e   l a s e r   w e l d i n g   a p p a r a t u s   t o  



s u p p o r t   and  g u i d e   t he   s h e e t s   2  f rom  t he   r o l l   f o r m e r   3 

up  to  a  p o i n t   a d j a c e n t   t he   Z - b a r   32  and  an  a d d i t i o n a l  

f r a m e   93.  The  f r a m e   93  c o n t a i n s   a  p l u r a l i t y   o f - s e t s   o f  

s u p p o r t   r o l l e r s   94  as  shown  in  F i g u r e   5  s p a c e d   a l o n g  

t h e   l e n g t h   of  t h e   f r a m e   93  f o r   s u p p o r t i n g   and  g u i d i n g  

t h e   s h e e t s   2  so  t h a t   t he   o p p o s e d   e d g e s   t h e r e o f   r e m a i n  

p o s i t i o n e d   in  t he   g u i d e   c h a n n e l s   of  t h e   Z - b a r   32  a s  

t h e y   a r e   a d v a n c e d   by  t h e   a d d i t i o n a l   a d v a n c i n g   means   7 .  

A  s i n g l e   d r i v e   m o t o r   75  shown  in  F i g u r e   19  i s  

u s e d   to  o p e r a t e   t he   a p p a r a t u s   1.  The  d r i v e   m o t o r   i s   a  

v a r i a b l e   s p e e d   m o t o r   w h i c h   is   c o n n e c t e d   t h r o u g h   a  

c l u t c h / b r a k e   76  to  a  d r i v i n g   s p r o c k e t   77  to  a  t o o t h e d  

b e l t   78.  The  b e l t   78  d r i v e s   t he   i n p u t   of  a  s p e e d  

r e d u c i n g   g e a r b o x   79.   The  o u t p u t   f rom  one  s i d e   of  t h e  

g e a r b o x   79  i s   c o n n e c t e d   to  t he   r o l l   f o r m e r   e c c e n t r i c   81  

by  way  of  a  g e a r b o x   82.  A  p h a s e   a d j u s t o r   80  i s  

p r o v i d e d   a t   t h i s   o u t p u t   of  t he   g e a r b o x   79.  The  o u t p u t  

f rom  t he   o t h e r   s i d e   of  the   g e a r b o x   79  i s   c o u p l e d ,   o n  

t h e   one  h a n d ,   to  t he   d r i v e s h a f t   14  f o r   t h e   m e t a l   b e l t s  

8  and  9  by  way  of  o v e r l o a d   c l u t c h   26,  t o o t h e d   b e l t   8 4 ,  

s p r o c k e t s   86  and  87  on  i d l e r   s h a f t   85,  p h a s e   a d j u s t o r  

88  and  t o o t h e d   b e l t   83  as  i l l u s t r a t e d   in  F i g u r e   19.  On 

t h e   o t h e r   h a n d ,   t h i s   s e c o n d   o u t p u t   of  t h e   g e a r b o x   79  i s  

c o n n e c t e d   to  t he   i n d e x e r   62  by  way  of  a  f l e x i b l e  

c o u p l i n g   89.   The  p h a s e   a d j u s t o r   78  p e r m i t s   t h e  

o p e r a t i o n   of  t he   r o l l   f o r m e r   e c c e n t r i c   to  be  a d j u s t e d  

w i t h   r e s p e c t   to  t he   a d v a n c i n g   means   4  so  t h a t   a  



g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t   of  m e t a l   a r r i v e s   a t   t h e  

c a t c h   bar   30  w i t h   i t s   t r a i l i n g   end  at   p o i n t   70  i n  

a d v a n c e   of  t he   f i n g e r s   57  on  t he   c h a i n s   54  w h i c h   a r e   t o  

a d v a n c e   t he   m e t a l   s h e e t .   S i m i l a r l y ,   t he   p h a s e   a d j u s t o r  

88  p e r m i t s   c o o r d i n a t i o n   b e t w e e n   t h e   p o s i t i o n   of  t h e  

f i n g e r s   1 1  o n   t he   m e t a l   b e l t s   8  and  9  and  t h e   f i n g e r s  

57  on  the   c h a i n s   54  so  t h a t   when  the   f i n g e r s   57  a d v a n c e  

t h e   t r a i l i n g   e n d s   of  t h e   can  b o d i e s   2  to  t he   f i r s t  

p o s i t i o n   5,  a  p a i r   of  f i n g e r s   11  a r e   j u s t   s l i g h t l y  

u p s t r e a m   of  t h i s   p o s i t i o n   2  so  t h a t   t h e y   move  i n t o  

c o n t a c t   w i t h   t h e   u p p e r   p o r t i o n   of  t he   g e n e r a l l y   t u b u l a r  

s h a p e d   s h e e t   of  m e t a l   w h i l e   i t   is  s t i l l   m o v i n g   t o  

c o n t i n u e   to  a d v a n c e   t h e   same  t o w a r d   the   l a s e r   w e l d i n g  

a p p a r a t u s .  

T h i s   m o v e m e n t   is   i l l u s t r a t e d   in  F i g u r e   21  

w h e r e i n   t he   s p e e d   of  a  g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t  

of  m e t a l   2  i s   shown  as  a  f u n c t i o n   of  i t s   d i s t a n c e   o f  

t r a v e l   a l o n g   t h e   a p p a r a t u s   f rom  t he   r o l l   f o r m e r   3 

i d e n t i f i e d   as  p o i n t   A,  t h r o u g h   f i r s t   p o s i t i o n   5 

i n d i c a t e d   by  B,  w e l d i n g   s i t e   C  and  s e c o n d   p o s i t i o n   10  

d e n o t e d   by  D.  From  t he   r o l l   f o r m e r   3  a t   p o s i t i o n   A  t h e  

a d v a n c i n g   means   4  a c c e l e r a t e s   t he   s h e e t   m e t a l   2  to   a  

r e l a t i v e l y   h i g h   v e l o c i t y   V1  o v e r   a  s h o r t   d i s t a n c e   a n d  

t h e n   d e c e l e r a t e s   t he   s h e e t   m e t a l   to  a  l o w e r ,  

s u b s t a n t i a l l y   c o n s t a n t   v e l o c i t y   V2  as  t he   s h e e t   m e t a l  

a p p r o a c h e s   t h e   f i r s t   p o s i t i o n   B.  The  m e t a l   b e l t s   8  a n d  

9  a r e   m o v i n g   a t   a  s p e e d   V2,  s u c h   as  60  m e t e r s / m i n u t e ,  



and  t h e   p o s i t i o n   of  t h e   f i n g e r s   11  t h e r e o n   i s  

c o o r d i n a t e d   w i t h   r e s p e c t   to  t he   o p e r a t i o n   of  t h e  

i n d e x e r   62  so  t h a t   t h e   f i n g e r s   11  a r r i v e   j u s t   a f t e r   t h e  

t r a i l i n g   e n d s   of  t h e   s h e e t s   of  m e t a l   r e a c h   t h e   p o s i t i o n  

B  so  t h a t   t he   s h e e t s   a r e   c o n t i n u o u s l y   a d v a n c e d   f u r t h e r  

a l o n g   the   a p p a r a t u s   a t   t he   s p e e d   V2  t h r o u g h   t h e  

w e l d i n g   s t a t i o n   C  to  t h e   s e c o n d   p o s i t i o n   10  a t   D.  F r o m  

t h i s   p o i n t   a  c o n v e n t i o n a l   c o n v e y o r   can  be  u s e d   t o  

f u r t h e r   p r o c e s s   t h e   w e l d e d   can  b o d i e s .   The  h i g h  

v e l o c i t y   V1  d u r i n g   a  p o r t i o n   of  t h e   t r a v e l   of  t he   s h e e t  

of  m e t a l   2  f rom  t h e   r o l l   f o r m e r   3  to   t he   f i r s t   p o s i t i o n  

5  i d e n t i f i e d   as  B  in  F i g u r e   21  i s   e m p l o y e d   to  r e d u c e  

t h e   s p a c i n g   b e t w e e n   s u c c e s s i v e   s h e e t s   of  m e t a l   2  to  a  

p r e d e t e r m i n e d ,   s m a l l   d i s t a n c e   to  e n h a n c e   t h e   p r o d u c t i o n  

e f f i c i e n c y   of  t h e   a p p a r a t u s .   The  l o n g i t u d i n a l   s p a c i n g  

of   t he   f i n g e r s   a l o n g   t he   r e s p e c t i v e   b e l t s   8  and  9  i s  

d i c t a t e d   by  t h e   a m o u n t   of  t h i s   p r e d e t e r m i n e d   c l e a r a n c e  

and  the   h e i g h t   or  l e n g t h   of  t h e   m e t a l   s h e e t s   2 .  

The  i n d e x e r   62  i s   a  cam  t y p e   i n d e x e r .   T h e  

v e l o c i t y   c h a r a c t e r i s t i c   of  t h i s   t y p e   of  i n d e x e r   i s  

c o n t r o l l e d   by  t h e   s h a p e   of  a  cam.  T h i s   n e c e s s i t a t e s  

c h a n g i n g   cams  i f   d i f f e r e n t   v e l o c i t y   c h a r a c t e r i s t i c s   a r e  

d e s i r e d .   The  t i m e   and  e x p e n s e   a s s o c i a t e d   w i t h   s t o c k i n g  

a  p l u r a l i t y   of  cams  and  c h a n g i n g   t he   cams  in  s u c h   a n  

i n d e x e r   to  v a r y   t h e   v e l o c i t y   c h a r a c t e r i s t i c   can  b e  

a v o i d e d   a c c o r d i n g   to  t he   fo rm  of  t he   i n v e n t i o n  

i l l u s t r a t e d   in  F i g u r e   20  w h e r e i n   t h e   d r i v e   is   s i m i l a r  



to  t h a t   i l l u s t r a t e d   in  F i g u r e   19  e x c e p t   t h a t   a  D . C .  

s e r v o m o t o r   90  i s   u s e d   as  t he   i n d e x e r .   A  p r o g r a m a b l e  

c o n t r o l   91  i s   p r o v i d e d   fo r   t he   D.C.  s e r v o m o t o r   90  t o  

p e r m i t   a  w ide   v a r i a t i o n   of  t he   c h a r a c t e r i s t i c s   f o r  

i n d e x i n g .   C o o r d i n a t i o n   b e t w e e n   the   a d v a n c i n g   means   4 

and  the   a d d i t i o n a l   a d v a n c i n g   means   7  can  be  o b t a i n e d   i n  

t h i s   c a s e   by  u s i n g   a  s e n s o r   92  s u c h   as  a  l i g h t   s o u r c e  

and  c o o p e r a t i n g   p h o t o c e l l   to  s e n s e   t he   p o s i t i o n   of  t h e  

f i n g e r s   1 1  o n   t he   m e t a l   b e l t s   8  a t   a  p r e d e t e r m i n e d  

l o c a t i o n .   W i t h   t h i s   i n f o r m a t i o n   the   D.C.   s e r v o m o t o r   9 0  

can  be  a c t u a t e d   by  t h e   c o n t r o l   91  a t   t he   a p p r o p r i a t e  

t i m e   f o r   c o o r d i n a t e d   m o v e m e n t .  

W h i l e   I  h a v e   shown  and  d e s c r i b e d   o n l y   o n e  

e m b o d i m e n t   in  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ,   i t  

i s   u n d e r s t o o d   t h a t   t h e   same  is   no t   l i m i t e d   t h e r e t o ,   b u t  

i s   s u s c e p t i b l e   to  n u m e r o u s   c h a n g e s   and  m o d i f i c a t i o n s   a s  

known  to  t h o s e   s k i l l e d   in  t he   a r t .   For  e x a m p l e ,   t h e  

a d d i t i o n a l   a d v a n c i n g   means   7  i n c l u d i n g   t h e   p a i r   o f  

m e t a l   b e l t s   8  and  9  f o r   a c c u r a t e l y   p o s i t i o n i n g   t h e  

o p p o s e d   e d g e s   to  be  w e l d e d   w i t h   r e s p e c t   to  e a c h   o t h e r  

in  a  l o n g i t u d i n a l   d i r e c t i o n ,   may  be  u sed   w i t h   d i f f e r e n t  

t y p e s   of  w e l d i n g   a p p a r a t u s   s u c h   as  e l e c t r i c a l  

r e s i s t a n c e   w e l d i n g   a p p a r a t u s   or  a r c   w e l d i n g   a p p a r a t u s  

i n s t e a d   of  l a s e r   w e l d i n g   a p p a r a t u s .   The  a d d i t i o n a l  

a d v a n c i n g   means   7  c o u l d   a l s o   be  o p e r a t e d   a t   a  v a r i a b l e  

s p e e d   r a t h e r   t h a n   a t   a  c o n s t a n t   s p e e d   d e p e n d i n g   u p o n  

t h e   d e s i r e d   s e q u e n c i n g   of  s u c c e s s i v e   can  b o d i e s   and  t h e  



w e l d i n g   r e q u i r e m e n t s .   R e c i p r o c a t i n g   p i s t o n s   or  p u s h  

r o d s ,   or  m e t a l   b e l t s   c o u l d   be  used   in  p l a c e   of  t h e  

c h a i n s   54  of  t he   a d v a n c i n g   means   4  to  i n d e x   t h e - m e t a l  

s h e e t s   2  f rom  the   r o l l   f o r m e r   3  to  t he   f i r s t   p o s i t i o n .  

F u r t h e r ,   i n s t e a d   of  g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s ,  

t h e   a p p a r a t u s   c o u l d   be  u sed   to  a d v a n c e   and  weld   t h e  

e d g e s   of  s e p a r a t e   w o r k p i e c e s ,   s u c h   as  f l a t   w o r k p i e c e s  

whose   e d g e s   a r e   g u i d e d   i n t o   p o s i t i o n   f o r   w e l d i n g   by  w a y  

of  one  or  more  Z - b a r s .   In  s u c h   a  c a s e   t he   r e l a t i v e  

v e r t i c a l   s p a c i n g   b e t w e e n   the   a d v a n c i n g   means   4  a n d  

a d d i t i o n a l   a d v a n c i n g   means   7  c o u l d   be  r e d u c e d ,   i f  

n e c e s s a r y ,   and  t he   r e s p e c t i v e   f i n g e r s   on  e a c h   c o u l d   b e  

l a t e r a l l y   s p a c e d   f rom  one  a n o t h e r   a t   a  d i s t a n c e  

s u f f i c i e n t   to  a v o i d   i n t e r f e r e n c e .   T h e r e f o r e ,   I  do  n o t  

w i s h   to  be  l i m i t e d   to  t h e   d e t a i l s   shown  and  d e s c r i b e d  

h e r e i n ,   bu t   i n t e n d   to  c o v e r   a l l   s u c h   c h a n g e s   a n d  

m o d i f i c a t i o n s   as  a r e   e n c o m p a s s e d   by  t he   s c o p e   of  t h e  

a p p e n d e d   c l a i m s .  



1.  A p p a r a t u s   f o r   c o n t i n u o u s l y   f o r m i n g   a n d  

l a s e r   w e l d i n g   can  b o d i e s   and  t he   l i k e   c o m p r i s i n g  

f o r m i n g   means   f o r   s u c c e s s i v e l y   f o r m i n g   f l a t   s h e e t s   o f  

m e t a l   i n t o   g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l  

h a v i n g   l o n g i t u d i n a l l y   e x t e n d i n g   e d g e s   to  be  w e l d e d ,  

a d v a n c i n g   means   f o r   s u c c e s s i v e l y   a d v a n c i n g   s a i d  

g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   f r om  s a i d  

f o r m i n g   means   to  a  f i r s t   p o s i t i o n   in  a  d i r e c t i o n   t o w a r d  

a  l a s e r   w e l d i n g   means   s u c h   t h a t   s a i d   g e n e r a l l y   t u b u l a r  

s h a p e d   s h e e t s   of  m e t a l   a r e   m o v i n g   a t   a  p r e d e t e r m i n e d  

s p e e d   a t   s a i d   f i r s t   p o s i t i o n ,   a d d i t i o n a l   a d v a n c i n g  

means   f o r   c o n t i n u o u s l y   a d v a n c i n g   t he   s u c c e s s i v e   m o v i n g ,  

g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   f r om  s a i d  

f i r s t   p o s i t i o n   to  a  s e c o n d   p o s i t i o n   a t   a  s u b s t a n t i a l l y  

c o n s t a n t   s p e e d ,   and  l a s e r   w e l d i n g   means   a r r a n g e d   f o r  

w e l d i n g   t he   l o n g i t u d i n a l l y   e x t e n d i n g   e d g e s   of  t h e  

g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   as  t h e y   a r e  

a d v a n c e d   by  s a i d   a d d i t i o n a l   a d v a n c i n g   m e a n s .  

2.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

s a i d   a d d i t i o n a l   a d v a n c i n g   means   i n c l u d e s   a  p a i r   o f  

e n d l e s s   m e t a l   b e l t s   e x t e n d i n g   b e t w e e n   s a i d   f i r s t   a n d  

s e c o n d   p o s i t i o n s ,   e a c h   of  s a i d   b e l t s   h a v i n g   a  p l u r a l i t y  

of  f i n g e r s   m o u n t e d   t h e r e o n   in  s p a c e d   r e l a t i o n s h i p   f o r  

e n g a g i n g   t h e   t r a i l i n g   e n d s   of  s u c c e s s i v e   g e n e r a l l y  

t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   to  a d v a n c e   s a i d   s h e e t s .  



3.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   2  or  2 8 ,  

w h e r e i n   means   a re   p r o v i d e d   f o r   a r r a n g i n g   t h e   p a i r   o f  

m e t a l   b e l t s   in  s p a c e d   r e l a t i o n s h i p   on  o p p o s i t e   s i d e s   o f  

t h e   l o n g i t u d i n a l l y   e x t e n d i n g   e d g e s   to  be  w e l d e d .  

4.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   3,  w h e r e i n  

s a i d   means   f o r   a r r a n g i n g   t he   m e t a l   b e l t s   in  s p a c e d  

r e l a t i o n s h i p   i n c l u d e s   g u i d e   r o l l   means   and  d r i v e  

s p r o c k e t   means   fo r   s u p p o r t i n g   and  d r i v i n g   t h e  

r e s p e c t i v e   b e l t s   in  s p a c e d   r e l a t i o n s h i p ,   t h e   d r i v e  

s p r o c k e t   means   b e i n g   p r o v i d e d   w i t h   a  p l u r a l i t y   of  t e e t h  

on  t h e i r   o u t e r   s u r f a c e s   f o r   d r i v i n g l y   e n g a g i n g   in  a  

s e r i e s   of  h o l e s   f o r m e d   in  t he   r e s p e c t i v e   b e l t s .  

5.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   4,  w h e r e i n  

s a i d   h o l e s   f o r m e d   in  t he   b e l t s   f o r   r e c e i v i n g   t h e   t e e t h  

on  t he   d r i v i n g   s p r o c k e t   means   a r e   r e c t a n g u l a r   in  s h a p e ,  

t h e   d r i v i n g   f a c e   of  s a i d   t e e t h   b e i n g   f l a t   f o r   e n g a g i n g  

a  s i d e   of  t h e   r e c t a n g u l a r   h o l e s   to  d r i v e   s a i d   b e l t s .  

6.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   4,  w h e r e i n  

means   a r e   p r o v i d e d   fo r   r e s i l i e n t l y   b i a s i n g   a t   l e a s t   o n e  

g u i d e   r o l l   means   s u p p o r t i n g   e a c h   b e l t   to  t e n s i o n   t h e  

b e l t s .  

7.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   6,  w h e r e i n  

g u i d e   bar   means   a r e   p r o v i d e d   u n d e r   e a c h   b e l t   b e t w e e n  

t h e   g u i d e   r o l l   means   and  the   d r i v i n g   s p r o c k e t   means   t o  

p r e v e n t   v i b r a t i o n s   and  v e r t i c a l   m o v e m e n t   of  t h e   b e l t s  

d u r i n g   t h e i r   t r a v e l .  



8.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   7,  w h e r e i n  

t h e   g u i d e   bar   means   b e t w e e n   t h e   d r i v e   s p r o c k e t   m e a n s  

and  t he   a d j a c e n t   g u i d e   r o l l   means   on  t he   d o w n s t r e a m  

s i d e   of  t h e   d r i v e   s p r o c k e t   means   i n c l u d e s   s t r i p p e r  

means   a d j a c e n t   t he   d r i v e   s p r o c k e t   means   f o r   s t r i p p i n g  

t h e   m e t a l   b e l t s   o f f   t h e   d r i v e   s p r o c k e t   m e a n s .  

9.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   8,  w h e r e i n  

t h e   s t r i p p e r   means   a r e   k n i f e   e d g e s   f o r m e d   of  a  w e a r  

r e s i s t a n t   m a t e r i a l .  

10.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   3,  w h e r e i n  

means   a r e   p r o v i d e d   f o r   s u p p o r t i n g   and  g u i d i n g   t h e  

s u c c e s s i v e   g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   a s  

t h e y   a r e   a d v a n c e d ,   and  w h e r e i n   s a i d   means   f o r   a r r a n g i n g  

t h e   p a i r   of  m e t a l   b e l t s   in  s p a c e d   r e l a t i o n s h i p   s u p p o r t s  

t h e   b e l t s   so  t h a t   t h e y   move  b e t w e e n   s a i d   f i r s t   a n d  

s e c o n d   p o s i t i o n s   in  p a t h s   e s s e n t i a l l y   p a r a l l e l   to  t h e  

p a t h s   of  t he   r e s p e c t i v e   p o r t i o n s   of  t he   s u c c e s s i v e  

s h e e t s   of  m e t a l   w h i c h   a r e   e n g a g e d   by  the   f i n g e r s   o n  

s a i d   b e l t s .  

11.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   3,  w h e r e i n  

s a i d   m e t a l   b e l t s   a r e   f o r m e d   of  s t a i n l e s s   s t e e l   and  h a v e  

a  t h i c k n e s s   of  f rom  0 . 0 0 5   to  0 . 0 2 0   i n c h .  

12.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   3,  w h e r e i n  

s a i d   f i n g e r s   a r e   c o n n e c t e d   to  r e s p e c t i v e   b a s e   p l a t e s ,  

c o n n e c t i n g   means   b e i n g   p r o v i d e d   f o r   c o n n e c t i n g   t h e  

r e s p e c t i v e   b a s e   p l a t e s   to  s a i d   m e t a l   b e l t s .  



13.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   12,  w h e r e i n  

s a i d   c o n n e c t i n g   means   c o n n e c t   e a c h   of  s a i d   b a s e   p l a t e s  

to  s a i d   b e l t s   a t   a  s i n g l e   l i n e   a l o n g   the   l e n g t h   of  s a i d  

b a s e   p l a t e s   w h i c h   e x t e n d s   in  a  d i r e c t i o n  

p e r p e n d i c u l a r   to  t h e   d i r e c t i o n   of  m o v e m e n t   of  s a i d  

b e l t s .  

14.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   13,   w h e r e i n  

s a i d   c o n n e c t i n g   means   a r e   r i v e t s   h a v i n g   c a p s   w h i c h  

e n g a g e   s a i d   b e l t s ,   t h e   s u r f a c e s   of  s a i d   c a p s   in  c o n t a c t  

w i t h   s a i d   b e l t s   b e i n g   a r c u a t e .  

15.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   14,   w h e r e i n  

a t   l e a s t   two  r i v e t s   c o n n e c t   e a c h   b a s e   p l a t e   to  a  b e l t ,  

s a i d   a t   l e a s t   two  r i v e t s   b e i n g   a r r a n g e d   a l o n g   s a i d  

s i n g l e   c o n n e c t i n g   l i n e .  

16.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   12,   w h e r e i n  

e a c h   of  s a i d   b a s e   p l a t e s   is  f o r m e d   w i t h i n   c l o s e  

t o l e r a n c e s   to  t he   same  p r e d e t e r m i n e d   l e n g t h   a n d  

t h i c k n e s s .  

17.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   16,   w h e r e i n  

g u i d e   bar   means   a r e   p r o v i d e d   f o r   s u p p o r t i n g   t he   o u t e r  

s u r f a c e s   of  s a i d   b a s e   p l a t e s   as  t h e y   a d v a n c e   t h e  

g e n e r a l l y   t u b u l a r   s h a p e d   m e t a l   b o d i e s   b e t w e e n   s a i d  

f i r s t   and  s e c o n d   p o s i t i o n s .  

18.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   12,  w h e r e i n  



t h e   s u r f a c e s   of  t he   f i n g e r s   on  t h e   b e l t s   w h i c h  

c o o p e r a t e   to  e n g a g e   t he   t r a i l i n g   end  of  a  g e n e r a l l y  

t u b u l a r   s h a p e d   s h e e t   of  m e t a l   and  a d v a n c e   t h e   same  a r e  

m a t c h   m a c h i n e d   w i t h   r e s p e c t   to  e a c h   o t h e r   so  t h a t   t h e  

e d g e s   of  s a i d   s h e e t   m e t a l   to  be  w e l d e d   a r e   p r e c i s e l y  

a l i g n e d   w i t h   r e s p e c t   to  e a c h   o t h e r .  

19.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   18,   w h e r e i n  

s a i d   f i n g e r s   a r e   f o r m e d   of  t o o l   s t e e l .  

20.   A p p a r a t u s   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

s a i d   a d v a n c i n g   means   i n c l u d e s   i n d e x i n g   means   f o r  

r e p e a t e d l y   m o v i n g   s u c c e s s i v e   g e n e r a l l y   t u b u l a r   s h a p e d  

s h e e t s   of  m e t a l   o v e r   a t   l e a s t   t h e   d i s t a n c e   b e t w e e n   s a i d  

f o r m i n g   means   and  s a i d   f i r s t   p o s i t i o n .  

21.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   20,  w h e r e i n  

s a i d   i n d e x i n g   means   i n c l u d e s   a  cam  i n d e x e r .  

22.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   20,   w h e r e i n  

s a i d   i n d e x i n g   means   i n c l u d e s   a  D.C.   s e r v o   m o t o r .  

23.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

s a i d   a d v a n c i n g   means   c o m p r i s e s   a  p a i r   of  e n d l e s s   c h a i n s  

e x t e n d i n g   b e t w e e n   s a i d   f o r m i n g   means   and  s a i d   f i r s t  

p o s i t i o n ,   e a c h   of  s a i d   c h a i n s   h a v i n g   a  p l u r a l i t y   o f  

f i n g e r s   m o u n t e d   t h e r e o n   f o r   e n g a g i n g   t h e   r e s p e c t i v e  

t r a i l i n g   e n d s   of  s u c c e s s i v e   g e n e r a l l y   t u b u l a r   s h a p e d  

m e t a l   s h e e t s   to  a d v a n c e   s a i d   s h e e t s .  



24.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   23,  w h e r e i n  

means   a r e   p r o v i d e d   fo r   a r r a n g i n g   s a i d   p a i r   of  c h a i n s   i n  

s p a c e d   r e l a t i o n s h i p   on  o p p o s i t e   s i d e s   of  t he   g e n e r a l l y  

t u b u l a r   s h a p e d   s h e e t s   of  m e t a l .  

25.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   24,  w h e r e i n  

s a i d   means   f o r   a r r a n g i n g   s a i d   p a i r   of  s h e e t s   i n c l u d e s   a  

d r i v e   s p r o c k e t   and  an  i d l e r   s p r o c k e t   fo r   e a c h   of  s a i d  

c h a i n s .  

26.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   25,  w h e r e i n  

means   a r e   p r o v i d e d   f o r   a d j u s t i n g   t he   s p a c i n g   b e t w e e n  

t h e   d r i v e   s p r o c k e t s   and  the   s p a c i n g   b e t w e e n   t h e   i d l e r  

s p r o c k e t s   and  means   a r e   p r o v i d e d   f o r   a d j u s t i n g   t h e  

s p a c i n g   b e t w e e n   t he   f o r m i n g   means   and  e a c h   of  s a i d  

i d l e r   and  d r i v e   s p r o c k e t s ,   so  t h a t   a  w ide   r a n g e   o f  

s i z e s   of  g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   c a n  

be  a d v a n c e d   by  t he   a p p a r a t u s .  

27.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   26,  w h e r e i n  

means   a re   p r o v i d e d   f o r   a d j u s t i n g   t h e   p o s i t i o n   of  s a i d  

f o r m i n g   means   w i t h   r e s p e c t   to  s a i d   a d v a n c i n g   m e a n s .  

28.  A p p a r a t u s   f o r   c o n t i n u o u s l y   a d v a n c i n g   a n d  

w e l d i n g   can  b o d i e s   and  the   l i k e   c o m p r i s i n g   means   f o r  

c o n t i n u o u s l y   a d v a n c i n g   s u c c e s s i v e   g e n e r a l l y   t u b u l a r  

s h a p e d   s h e e t s   of  m e t a l   f rom  a  f i r s t   p o s i t i o n   to  a  

s e c o n d   p o s i t i o n ,   s a i d   t u b u l a r   s h a p e d   s h e e t s   of  m e t a l  

h a v i n g   l o n g i t u d i n a l l y   e x t e n d i n g   e d g e s   to  be  w e l d e d ,   a n d  



w e l d i n g   means   a r r a n g e d   f o r   w e l d i n g   t he   l o n g i t u d i n a l l y  

e x t e n d i n g   e d g e s   of  t he   g e n e r a l l y   t u b u l a r   s h a p e d   s h e e t s  

of  m e t a l   as  t h e y   a r e   a d v a n c e d   by  s a i d   means   f o r  

c o n t i n u o u s l y   a d v a n c i n g ,   w h e r e i n   s a i d   means   f o r  

c o n t i n u o u s l y   a d v a n c i n g   i n c l u d e s   a  p a i r   of  e n d l e s s   m e t a l  

b e l t s   e x t e n d i n g   b e t w e e n   s a i d   f i r s t   and  s e c o n d  

p o s i t i o n s ,   e a c h   of  s a i d   b e l t s   h a v i n g   a  p l u r a l i t y   o f  

f i n g e r s   m o u n t e d   t h e r e o n   in  s p a c e d   r e l a t i o n s h i p   f o r  

e n g a g i n g   t h e   t r a i l i n g   e n d s   of  t he   s u c c e s s i v e   g e n e r a l l y  

t u b u l a r   s h a p e d   s h e e t s   of  m e t a l   to  a d v a n c e   s a i d   s h e e t s .  

29.  A p p a r a t u s   f o r   c o n t i n u o u s l y   a d v a n c i n g   a n d  

w e l d i n g   w o r k p i e c e s   h a v i n g   o p p o s e d   l o n g i t u d i n a l l y  

e x t e n d i n g   e d g e s   to  be  w e l d e d ,   c o m p r i s i n g   means   f o r  

c o n t i n u o u s l y   a d v a n c i n g   s u c c e s s i v e   w o r k p i e c e s   f rom  a  

f i r s t   p o s i t i o n   to  a  s e c o n d   p o s i t i o n ,   and  w e l d i n g   m e a n s  

a r r a n g e d   f o r   w e l d i n g   t he   o p p o s e d   l o n g i t u d i n a l l y  

e x t e n d i n g   e d g e s   of  s a i d   w o r k p i e c e s   as  t h e y   a r e   a d v a n c e d  

by  s a i d   means   f o r   c o n t i n u o u s l y   a d v a n c i n g ,   w h e r e i n   s a i d  

means   f o r   c o n t i n u o u s l y   a d v a n c i n g   i n c l u d e s   a  p a i r   o f  

e n d l e s s   m e t a l   b e l t s   e x t e n d i n g   b e t w e e n   s a i d   f i r s t   a n d  

s e c o n d   p o s i t i o n s ,   e a c h   of  s a i d   b e l t s   h a v i n g   a  p l u r a l i t y  

of  f i n g e r s   m o u n t e d   t h e r e o n   in  s p a c e d   r e l a t i o n s h i p   f o r  

e n g a g i n g   t h e   t r a i l i n g   e n d s   of  t he   s u c c e s s i v e   w o r k p i e c e s  

to  a d v a n c e   s a i d   w o r k p i e c e s .  



30.  A p p a r a t u s   f o r   c o n t i n u o u s l y   a d v a n c i n g   a n d  

l a s e r   w e l d i n g   w o r k p i e c e s   h a v i n g   o p p o s e d   l o n g i t u d i n a l l y  

e x t e n d i n g   e d g e s   to  be  w e l d e d ,   c o m p r i s i n g   m e a n s  f o r  

s u c c e s s i v e l y   p r o v i d i n g   w o r k p i e c e s   h a v i n g   o p p o s e d  

l o n g i t u d i n a l l y   e x t e n d i n g   e d g e s   to  be  w e l d e d ,   a d v a n c i n g  

means   f o r   s u c c e s s i v e l y   a d v a n c i n g   s a i d   w o r k p i e c e s   f r o m  

s a i d   means   f o r   s u c c e s s i v e l y   p r o v i d i n g   to  a  f i r s t  

p o s i t i o n   in  a  d i r e c t i o n   t o w a r d   a  l a s e r   w e l d i n g   m e a n s  

s u c h   t h a t   s a i d   w o r k p i e c e s   a r e   mov ing   a t   a  p r e d e t e r m i n e d  

s p e e d   a t   s a i d   f i r s t   p o s i t i o n ,   a d d i t i o n a l   a d v a n c i n g  

means   f o r   c o n t i n u o u s l y   a d v a n c i n g   t he   s u c c e s s i v e   m o v i n g  

w o r k p i e c e s   f rom  s a i d   f i r s t   p o s i t i o n   to  a  s e c o n d  

p o s i t i o n ,   and  l a s e r   w e l d i n g   means   a r r a n g e d   f o r   w e l d i n g  

t he   l o n g i t u d i n a l l y   e x t e n d i n g   e d g e s   of  t h e   w o r k p i e c e s   a s  

t h e y   a r e   a d v a n c e d   by  s a i d   a d d i t i o n a l   a d v a n c i n g   m e a n s .  
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